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FIGURE 3-2 
GEOGRAPHIC LOCATIONS OF CASE STUDY SITES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-1 

GENERALIZED HYDROGEOLOGY AND LAYOUT OF CASE STUDY SITES  
Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 

Environmental Research and Education Foundation 
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FIGURE 5-2A 
SITE A – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2B 
SITE B – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2C 
SITE C – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2D 
SITE D – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 

 

I is distance used to 
calculate hydraulic 
gradient as shown 

on Figure 5-1 

See Appendix 2-2 
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FIGURE 5-2E 
SITE E – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2F 
SITE F – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2G 
SITE G – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 

 

I is distance used to 
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gradient as shown 

on Figure 5-1 
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FIGURE 5-2H 
SITE H – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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gradient as shown 

on Figure 5-1 
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FIGURE 5-2I 
SITE I – LAYOUT AND MAIN FEATURES 

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module 
Environmental Research and Education Foundation 
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FIGURE 5-2J 
SITE J – LAYOUT AND MAIN FEATURES 
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Memorandum 

Date: 30 October 2007 

To:  

Copies to:  

From: Jeremy Morris and Mike Houlihan, Geosyntec Consultants 

Subject: Invitation to Participate in EREF Post-Closure Care Evaluation Project 
“Determining Critical Data Requirements for Implementation of the EPCC 
Methodology Prerequisites Module – A Multi-Site Case Study” 

Introduction 

Between 2002 and 2006, Geosyntec Consultants (Geosyntec) worked with a multi-disciplinary team on a 
project funded by the Environmental Research and Education Foundation (EREF) to develop an 
“Evaluation of Post Closure Care (EPCC) Methodology.”  The EPCC Methodology was developed to 
establish a technically-based evaluation approach of each of the four PCC elements identified in 40 CFR 
§258.61(a) (i.e., the leachate collection system, LFG monitoring system, groundwater monitoring system, 
and the landfill cover system) to determine when operation and/or monitoring of these PCC elements can 
be optimized or terminated.  Separate procedures (i.e., modules) were developed for evaluation of each 
component of PCC but the implementation of these modules cannot be adequately started until the 
required precursor “Prerequisite Module” is completed.  The “Prerequisite Module” was developed to 
facilitate the evaluation of the four PCC elements through identifying module-specific data requirements. 
Before the four PCC elements can be evaluated, a preliminary evaluation is conducted through the 
Prerequisites Module to determine whether available site data are sufficient to perform an in-depth 
evaluation of the four PCC elements, including whether basic technical data are available for performing 
the necessary evaluations can be met. 

The previous project to develop the EPCC Methodology focused on optimizing PCC maintenance and 
monitoring requirements and evaluating the scenario of when a site can end regulated PCC.  However, the 
methodology was applied to only one example site during the study.  Far more experience is therefore 
needed to be able to confidently conclude the predictability of the methodology in terms of 
optimizing/ending PCC obligations.  To gain this experience, Geosyntec and EREF have again assembled 
a team to perform a one-year multi-site evaluation of the EPCC Methodology to critically examine the 
methodology and expose its potential weaknesses under real world conditions and, ultimately, develop an 
approach to predict the duration of future PCC activities.  Although it is envisioned that Waste 
Management, Inc. (WM) will provide many of the sites studied, participation from other EREF industry 
members is actively sought.   
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As a first step, the team has already developed some screening criteria for site selection in order to 
identify a candidate list of MSW landfill sites.  These screening criteria will be reviewed for each 
potential candidate site to establish a subset of sites that are likely to have most of the required data (or 
can effectively obtain the necessary data) for an evaluation of the Prerequisite Module.   The goal of this 
study is to evaluate 10 sites in a variety of locations across the country to establish the specific data that 
will be needed to complete the Prerequisites Module.  The study will also critically appraise the 
methodology’s usability and sensitivity to certain data requirements.  It is recognized that certain data 
collection efforts will likely be needed in the future to satisfy all module evaluation requirements in 
accordance with the overall approach of the EPCC Methodology.  However, the primary goal of this 
study is to ground-truth the state of the industry relative to data availability to reasonably complete the 
EREF Methodology. 

Site Selection Criteria 

The remainder of this memo summarizes: (i) criteria that must be met in order for a site to be considered 
as a candidate for inclusion in the study (i.e., Critical Screening Criteria); (ii) additional criteria to narrow 
down the list of candidate sites (i.e., Site Variability Criteria); and (iii) detailed information and data 
needed for a site to make the final list of 10 selected sites (i.e., Data Requirements).  Data available in 
electronic format is preferred. 

1. Critical Screening Criteria:  Candidates sites should be able to meet ALL of the following: 
a. To avoid potential complications with older sites at which MSW and hazardous wastes were 

co-disposed, sites should be regulated under Subtitle D, unless their inclusion is on the advice 
of the project team; 

b. The State regulatory environment must be favorable (i.e., voluntary collection of data must 
not be required to be submitted); 

c. Site management should be cooperative, enthusiastic, and voluntary participants in the study, 
and the site should not have any ongoing or upcoming plans or issues (e.g., expansion 
permitting, litigation, significant odor complaints, etc.); 

d. Collection of leachate samples for analyte data and flow measurements must be possible (i.e., 
the site must have a liner and leachate collection system), except for one site which will be 
specifically selected with no liner and no leachate source data (in order to evaluate use of the 
leachate evaluation process for unlined sites); 

e. Measurement of internal gas pressure must be possible using existing site GCCS components, 
collection of gas data must be possible during routine shutdown of the GCCS without 
triggering non-compliance with NSPS, and there must be sufficient landfill gas data available 
to generate a gas curve; 

f. No current evidence of leachate or methane migration issues or impacts; 
g. The site must be monitoring groundwater under a Detection Monitoring program; 
h. A certified final closure cap system must have been installed, and CQA documentation must 

be available; and 
i. The landfill cell used for the study must have been closed for at least one year. 
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2. Site Variability Criteria:  Preferred sites should be able to exhibit the following variability (in 
descending order of importance): 
a. Climate:  The study should try to reflect as many net precipitation ranges as possible; at a 

minimum, at least one “wet” and one “extremely dry” climate should be included, and 
preferably one “cold” and one “very hot” climate; 

b. Hydrogeologic Setting:  One site with high groundwater flow velocity and one with low 
velocity should be included, with as much additional variability as possible reflected in the 
sites’ vadose zone thickness and the contiguous nature of groundwater bearing strata; 

c. Site Layout:  As much variation as possible regarding distance to groundwater POC and 
POE, and at least one site each with near/far LFG receptors; and 

d. Years since Cell Closure:  One site should be at least five years into PCC, and another at least 
ten years into PCC. 

 
3. Data Requirements:  Selected sites should be in possession of all or most of the following data 

and information.  These are broadly categorized as follows, based on the Prerequisites Module in 
the EPCC Methodology.  As many as possible of these data should be available now or be able to 
be collected within 1-2 years. 
a. Site Operational Records:  Annual weight/volume of refuse accepted and into what landfill 

areas waste was disposed and start/end dates for waste filling; waste types (e.g., MSW, C&D, 
ash, special wastes) and rough percentages (+/- 10%); unique operational practices (e.g., 
leachate recirculation); site and permit conditions; results from waste characterization studies 
and waste sampling activities performed (if any). 

b. Site-Specific Data:  Liner and cover system(s) components, properties, specifications, history 
of construction, reported performance issues (e.g., erosion damage) and repairs, and state of 
vegetation; details, layout, and history of use of LCRS and GCCS; institutional controls (e.g., 
site security); site size, geotechnical issues, and conditions; details on surrounding 
environment and communities, on-site and/or off-site structures, surface waters, stormwater 
management features; reported or noticed impacts from the landfill to any media; 
identification and layout of monitoring systems for methane migration, groundwater 
monitoring wells; post-closure plan (total, annual, and future liability and costs) and site end-
use strategy; other non-technical issues and liabilities; identification/characterization of 
potential surface water receiving bodies. 

c. Leachate Characterization Data:  History of leachate collection; identification of sumps, 
storage tanks; leachate quality data for each year available, with as many analytes as possible 
in the following categories – Appendix I parameters, key biochemical indicators (BOD, 
COD, ammonia), Appendix II parameters, other regulated parameters; leachate flow quantity 
data over time. 

d. Landfill Gas Data:  History of LFG collection and GCCS (when first installed, how long 
operated, upgrades, issues), and identification of wellheads; LFG data from system for each 
year available, including flow and composition (e.g., methane, oxygen, nitrogen, and carbon 
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dioxide); NMOC data (e.g., from source tests, NSPS Tier 2 studies, risk assessment work, 
etc.); identification/characterization of potential LFG receptors; previous attempts to model 
gas generation and emissions (if any). 

e. Groundwater Data:  Groundwater monitoring data; groundwater flow regime, 
identification/characterization of subsurface geology and hydrogeology, potable water 
sources, and other potential receiving bodies; previous attempts to model groundwater flow at 
the site. 

f. Cover System and Settlement Data:  Cover monitoring and maintenance records (to check for 
history of cracking, etc.); instability issues; land/fly-over surveys and other topographic data; 
data from settlement plates or installed other devices (if any). 

g. Meteorological Data:  Current and historic data from on-site weather station (if any); 
identification of closest meteorological station. 

 

Closing 

Thank you in advance for your participation by reading this far.  If you believe that one or more of the 
sites within your firm may meet all or most of the criteria under (1) and (2) above, and are enthusiastic 
and supportive of this important effort, please contact Jeremy Morris at (410) 381-4333 or 
jmorris@geosyntec.com to discuss potential mechanisms and the schedule for participation.  At this stage, 
the specific data requirements under (3) are provided only to facilitate your decision as to whether a site 
should be considered - we will work closely with you to identify and characterize the site data availability 
and needs prior to final selection of 10 sites for the study.  Because of the year-end deadline for 
identifying and screening sites, we would appreciate an initial response indicating your level of 
interest and a tentative list of candidate sites before 9 NOVEMBER 2007. 

 

* * * * *  
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P R E L I M I N A R Y  
C H E C K L I S T  

 

Site Name: ____________________________________________________________________ 

Location: ______________________________________________ State:  ________________ 

Contacts: (1) _________________________________________________________________ 

   (2) _________________________________________________________________ 

 

Main Criteria (please check as appropriate): 

� MSW Landfill:   � Subtitle D 

 � Single separate cell   � Single conjoined cell   � Multiple cells   � Whole site 

� Good Regulatory Environment 

� Cooperative Manager 

� Liner + Leachate Collection System (LCRS)   � Liner, No LCRS   � Unlined 

� Gas Collection and Control System (GCCS):   � Active GCCS   � Passive venting only 

 NSPS Applies: � Yes � No 

� Gas or leachate migration issues or impacts:   � Both   � Gas only   � Leachate only 

 � None    � Current   � Past, still an issue   � Past, issues addressed 

� Other high profile issues:  � Past   � Current   � Pending 

� Currently in Groundwater Detection Monitoring under Subtitle D 

Years since closure/cessation of waste filling: ___________, approx. size of closed cell: ________ ac.   

 

General Information (check one from each line): 

General Climate: 

 Rainfall:   � Wet � Average   � Semi-arid   � Dry 

 Temperature:   � Hot   � Temperate   � Cold 

Hydrogeology: 

 Subsurface:   � Clays   � Sands   � Silts   � Limestone  � Fractured rock   � Mixture 

 Groundwater velocities:   � Fast   � Slow   � Moderate 

Layout: � Lots of distance to potential receptors   � Close-by receptors 

Capping:  � Final – prescriptive   � Final – alternative   � Interim   � Combination 
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Please add clarification notes, comments, and/or exceptions as necessary: 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 

____________________________________________________________________________________ 
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Memorandum 

Date:  

To:  

Copies to:  

From: Jeremy Morris and Mike Houlihan, Geosyntec Consultants 

Subject: Standard Procedures for Site Data Collection (CHECKLIST 2)  
EREF Post-Closure Care Evaluation Project: “Determining Critical Data 
Requirements for Implementation of the EPCC Methodology Prerequisites 
Module – A Multi-Site Case Study” 

 
CHECKLIST 2 is intended to be used by managers of the sites that responded favorably to 
having their site(s) included in the study, and completed the one page checklist attached to the 
“Invitation to Participate in EREF Post-Closure Care Evaluation Project” memo from 
GeoSyntec dated 30 October 2007.  The purpose of CHECKLIST 2 is to provide a standard 
procedure for sites to record and present their data availability to the project team, thus 
facilitating objective comparison between sites during the site screening process.  The intention 
is that the project team will use CHECKLIST 2 to narrow an initial shortlist of 15-20 candidate 
sites down to ten (10) final sites for inclusion in the study.  It is expected that a data-focused 
screening effort will be necessary during completion of CHECKLIST 2, which will likely 
involve a site visit by Geosyntec and/or another consultant. 

 
 

* * * * *  
 

Attachment:  CHECKLIST 2 
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MULTI-SITE EVALUATION OF POST-CLOSURE CARE PROJECT 

CHECKLIST 2 

 

Please complete all eight sections as fully as possible.  The following symbols are used to 
facilitate completion of the checklist: 

_____    These items are yes/no question types.  Please check ( ) in the affirmative or 
cross (X) in the negative.  If not applicable, write “N/A”.  In this way, if any item 
is left unmarked, the project team will assume it is unknown and requires further 
investigation.  

_____   These items invite insertion of a comment if appropriate.  Please insert a 
chronological number to signify that an addition has been made.  Comments, 
notes, specifications, etc. should be added in order in Section IX at the end of the 
checklist.  Attach longer specifications (e.g., leachate monitoring parameter list) 
after the comments section. 

 

Quick Reference Summary 

Landfill: _____________________________ WMU1: 
__________________________________  

Checklist completed by: ____________________________________ date: _________________ 

 no 

requency? ______ /year 

_  no 

_  yes, ______  no 

                                                

 

Is final cover in place? _____  yes, ______  no 

Is there WMU-specific leachate data? _____  yes, ______ 

    Flow? _____  yes, ______  no 

    Composition? _____  yes, ______  no 

     if yes, how long? _____ years, what f

Is there WMU-specific landfill gas data? _____  yes, _____

    Flow? _____  yes, ______  no 

    Composition? _____  yes, ______  no 

     if yes, how long? _____ years, what frequency? ______ /year 

Is the WMU currently experiencing a compliance issue of any type? ____

    Leachate-related? _____  yes, ______  no 

 
1 WMU = waste management unit (i.e., cell, area, etc.).  It is anticipated that individual closed WMUs located at 
larger multi-unit MSW landfill sites will be used for the study. 
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    Landfill gas related? _____  yes, ______  no 

  Site Details 

_ 

., cell number, area, name) 

ize of WMU proposed for study: 

__  to other WMU. 

otal number of WMUs at the site = _____. 

ther): 

mail:  _________________________________________ 

ther): 

mail:  _________________________________________ 

 

I.

 

Landfill Name: _________________________________________________________ 

Address: _________________________________________ 

 _________________________________________ 

 ________________________________________

WMU ID:  ______________(e.g

S ______________ ac 

 ______________ tons in place 

 ______________ cubic yards 

WMU is contiguous _____  or separate ___

T

 

Site Contact 1:   

Name: _________________________________________ 

Title: _________________________________________ 

Phone (office): _________________________________________ 

Phone (o _________________________________________ 

E

 

Site Contact 2:   

Name: _________________________________________ 

Title: _________________________________________ 

Phone (office): _________________________________________ 

Phone (o _________________________________________ 

E
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II.  Drawings 

If not collected/copied during site visit, list whether the requested information is known to exist.  
Please comment on completeness of set and where drawings are stored if not at site office. 

 

1.  Design Drawings: _____       Paper _____   

          Electronic _____  

2.  Construction Drawings: _____       Paper _____  

          Electronic _____  

3.  As-Built/Record Drawings: _____      Paper _____  

          Electronic _____  

4.  Other (please specify): _____        Paper _____  

          Electronic _____  

 

5.  Do site construction and monitoring details exist to show the following?  Please indicate 
which drawing set has best information. 

 

 a. Layout of site and WMU: _____  _____  

 b. Site topography and features: _____  _____  

 c. Base grades, liner system layout, and leachate sump locations:  _____  _____  

 d. Cover system design: _____  _____      

 e. Leachate, groundwater, and surface water sampling locations: _____  _____  

 f. Property boundary: _____  _____  

 g. Layout of the gas collection system (wellfield): _____  _____  

 h. Identification of gas system sampling points:  _____  _____  

 i. Gas migration monitoring well layout: _____  _____  

 j. Groundwater point of compliance (POC): _____  _____  

 k. Surrounding environment/communities (points of exposure): _____  _____  

 l. Information regarding on-site structures (type, occupancy): _____  _____  

 m. Information regarding nearest off-site structures (type, occupancy): _____  _____  

 n. Potential on- or off-site ignition sources and other hazards: _____  _____  

 o. Other pertinent features (please specify): _____  _____  
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III.  Reports and Plans 

If not collected/copied during site visit, list whether the requested information is known to exist.  
Please comment on completeness and where documents are stored if not at site office.  Please 
note any modifications to original plans (e.g., updated monitoring requirements or applicable 
standards). 

 

1.  Engineering design report: _____      Paper _____  

          Electronic _____  

2.  Construction and/or CQA report: _____      Paper _____  

          Electronic _____  

3.  Site operating permit or plan: _____      Paper _____  

          Electronic _____  

4.  Environmental monitoring plan: _____      Paper _____  

          Electronic _____  

5.  Other (please specify): _____        Paper _____  

          Electronic _____  

 

6.  Does information exist to describe the following?  Please indicate which document set has 
best information. 

 

 a. Conceptual model/calculations (HELP, MULTIMED): _____  Paper _____  

          Electronic _____  

 b. Geologic/hydrogeologic studies: _____     Paper _____  

          Electronic _____  

  b1. Groundwater flow characteristics: _____  _____  

  b2. Thickness and characteristics of uppermost aquifer: _____  _____  

  b3. Locations of downgradient potable GW point sources: _____  _____  

  

 c. Boring logs:        Paper _____  

          Electronic _____   

 d. Construction specifications (materials, procedures, etc.): _____  Paper _____  

          Electronic _____  
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 e. Gas generation modeling (LandGEM), system design: _____  Paper _____  

          Electronic _____  

 f. Closure/post-closure plan: _____     Paper _____  

          Electronic _____  

 g. End use strategy: _____       Paper _____  

          Electronic _____  

 h. Other (please specify): _____      Paper _____  

          Electronic _____  

 

IV.  General Records 

If not collected/copied during site visit, list whether the requested information is known to exist.  
Please comment on completeness and where records are stored if not at site office. 

 

1.  Environmental monitoring reports and records: 

 

 a. Surface Water: _____       Paper _____  

          Electronic _____  

   Monitoring Duration: _____ years, starting _____ (year). 

   Monitoring Frequency: ___________ (events/year). 

  

 b. Other (please specify): _____      Paper _____  

          Electronic _____  

  

2.  Operation and maintenance records (note duration/dates): _____  

  

 a. Waste receipts, waste placement records: _____    Paper _____  

          Electronic _____  

 b. Onsite stream separation, recycling: _____     Paper _____  

          Electronic _____  

 c. Daily/intermediate cover: _____      Paper _____  

          Electronic _____  
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 d. Maintenance issues (seeps, breakouts, slope failures): _____   Paper _____  

          Electronic _____  

 

 e. Other (please specify): _____      Paper _____  

          Electronic _____  

 

3.  Leachate collection system records:      Paper _____  

          Electronic _____  

 a. History of operation, modification, maintenance: _____  _____  

 b. Was leachate recirculation practiced: ____   

 If yes, for how long: ________ years, do records exist: ____  

 

4.  Landfill gas collection system records:      Paper _____  

          Electronic _____  

 a. Record of gas system compliance: _____  _____  

 b. History of operation, modification, maintenance, wellfield balancing: _____  _____  

 c. Surface gas fugitive emissions monitoring (through cover system): _____  _____   

 d. Other (please specify): _____  _____  

 

5. The WMU currently has a cap monitoring and maintenance program which is in compliance 
with existing permit conditions and PCC regulations: _____  _____ . 

 

6.  Other monitoring and survey data (note duration/dates): 

 

 a. Onsite meteorological data collection: _____    Paper _____  

          Electronic _____  

 b. Topographic surveys: _____      Paper _____  

          Electronic _____  

 c. Other (please specify): _____      Paper _____  

          Electronic _____  
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V.  Leachate Data 

 

1.  Leachate chemical composition (quality) data has been collected: 

 a. Regularly, for past _______ years at ____________ frequency. 

 b. Intermittently (please clarify), for past _______ years _____  

 c. Never, but LCRS could be sampled:  _____  _____  

 

2.  Please list site-specific leachate analyte list (see below): _____  _____  

  in particular, analyte list includes: 

 a. Federal Appendix I parameters: _____  

 b. Federal Appendix II parameters: _____  

 c. Biochemical indicators (pH, BOD, COD) _____  

 d. Ammonia:  _____  

 e. Chloride:  _____  

 f. Anions/cations:  _____  

 

3.  Data collection/analysis is under an accepted QA/QC protocol: _____  _____  

 

4.  Leachate generation (flow) data has been collected: 

 a. Regularly, for past _______ years at ___________ frequency. 

 b. Intermittently (please clarify), for past _______ years _____  

 c. Never, but flow could be measured:  _____  _____  

 

5.  Total number of leachate sampling locations for: 

 a. Collecting composite samples (e.g., master sump, storage tanks) = _____. 

 b. Collecting sump-specific samples = _____. 

 c. Measuring leachate flow = _____. 

 

6.  There is no evidence of current impacts caused by leachate:  

 a. At the WMU’s groundwater point of compliance (POC) _____  
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 b. At surface water sampling locations _____  

 

7.  With regards to #6: 

a. The WMU has always been free of impacts of concern _____  

b. Previous such impacts have been satisfactorily addressed (i.e., the leachate source is now 
properly controlled, the impacts remedied, and/or the site has returned to a normal 
monitoring program) _____  _____  

c. With regards to #7b, the history and current status of corrective measures is known and 
documented: _____  _____  

 

VI.  Landfill Gas Data 

 

1. Gas migration monitoring system exists: _____  

 a. WMU-specific system: _____  

 b. Part of whole site system: _____  

 c. Landfill gas migration monitoring data exists: _____   Paper _____  

           Electronic _____  

   Monitoring Duration: _____ years, starting _____ (year). 

   Monitoring Frequency: ___________ (events/year). 

 

2.  Landfill gas collection and control system (GCCS) exists at WMU: _____  

 a. Active GCCS, NSPS applies: _____  

 b. Active GCCS, NSPS does not apply: _____  

 c. Passive controls only (e.g., vents, etc.): _____  _____  

 d. No controls at all (e.g., gas diffuses through cover): _____  _____  

 

3.  With regards to #2a/b, active GCCS comprises ______ extraction wells. 

a. GCCS connected to blower/flare _____ , landfill gas-to-energy (LFGTE) system _____ 
, other gas utilization system _____ , other (please specify) _____ . 

 b. If not NSPS, why was the active GCCS installed? _____  _____  

  b1. Permit requirement: _____  _____  

  b2. Odor control: _____  _____  
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  b3. Migration control: _____  _____  

  b4. Energy generation or methane utilization: _____  _____  

  b5. Other (please specify): _____  _____  

 

4.  There is no evidence that gas migration currently causes impacts2 at the: 

 a. WMU (onsite), based on Primary _____  or Secondary _____  Criteria _____  

 b. Gas migration POC, based on Primary _____  or Secondary _____  Criteria _____  

 c. Groundwater POC, based on Primary _____  or Secondary _____  Criteria _____  

 

5.  With regards to #4: 

a. The WMU has always been free of gas impacts _____  

b. Previous such impacts have been satisfactorily addressed (i.e., the gas source is now 
properly controlled and the impacts remedied) _____  _____  

c. With regards to #5b, the history and current status of corrective action measures is known 
and documented: _____  _____  

 

6.  Field measurement of gas flow and composition has been performed: 

 a. Regularly at individual wellheads, for past _______ years at __________ frequency. 

 b. Regularly at central location (flare station), for past _______ years at ________ frequency. 

 c. Intermittently, for past _______ years _____  

 d. Never:  _____  _____  
                                                 

2 Based on the following Primary Screening Criteria:  

(i) Migration: No detections of methane greater than 0.5% or 10% of the lower explosive limit (LEL) in gas 
probes at the migration monitoring POC or in on-site structures for a period of at least one year; and  

(ii) Groundwater: No groundwater impacts (i.e., verified concentrations of gas-related VOC parameters at the 
groundwater POC above regulatory action levels) that could be attributable to landfill gas with current the 
GCCS in operation are evident. 

Or Secondary Screening Criteria:  

(i) Migration:  If methane has been detected in the past four quarters of gas migration monitoring, the detected 
methane concentrations must be less than 5% at the lateral POC and less than 1.25% within on-site 
structures; or 

(ii) Groundwater:  It must be demonstrated that there is a steady or decreasing concentration trend of gas-
related VOC parameters at the groundwater POC for a minimum of three years of consecutive monitoring. 
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7. With regards to #6, can the amount of gas flow from the study WMU be separated from 
whole-site flow (if applicable)? _____  _____  

 

8.  With regards to #6, gas composition data exists for: 

 a. Bulk gases (methane, carbon dioxide, nitrogen, hydrogen, oxygen): _____  _____  

 b. Trace components: _____  _____  

 c. NMOC: _____  _____  

 d. Other (please specify): _____  _____  

 d. Sampling methods are known: _____  _____  

 e. Data collection/analysis is under an accepted QA/QC protocol: _____  _____  

 

VII.  Groundwater Data 

 

1.  A Detection Monitoring Program (DMP) exists for monitoring groundwater media at the 
WMU’s POC in compliance with 40 CFR §258.54: _____  

 

2.  If the answer the item #1 was NO: 

a. The DMP has been suspended and elimination of all groundwater monitoring requirements 
has already been approved by the State agency (e.g., as the result of a successful No 
Migration Demonstration): _____  

b. The WMU being monitored in accordance with Assessment Monitoring (AM), consistent 
with 40 CFR §258.55: _____  

c. The WMU is in Assessment of Corrective Measures under 40 CFR §258.56: _____  

 

3.  If the answer the item #1 was YES: 

a. The WMU has always been free of impacts of concern _____  

b. Previous impacts have been satisfactorily addressed (i.e., the leachate source is now 
properly controlled, the impacts remedied, and/or the site has returned to Detection 
Monitoring under Subtitle D or equivalent) _____  _____  

 

4.  With regards to #2 or #3, the record of compliance or history of monitoring under AM and/or 
corrective measures required per ACM is documented and available: _____  _____  
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5.  Groundwater monitoring data (elevation, chemistry) is collected at:  

 a. _____ upgradient, ____________ cross gradient, and _____ downgradient POC wells;  

 b. At ______________ frequency, and started in __________ (month, year); and 

 c. Includes the following analytes: 

 c1. Federal Appendix I parameters: _____  

 c2. Federal Appendix II parameters: _____  

 c3. Site-specific analyte list (please specify):  _____  _____  

 c4. Chloride:  _____  _____  

 c5. Other conservative GW tracer _____  

 

VIII.  Cap Data 

 

1.  The WMU has an interim _____  or final _____  cap system. 

 a. If interim, please comment on future capping plans _____ . 

 b. If final: 

  b1. The original design basis and construction details are available: _____  _____  

  b2. The original design has been modified: _____  _____  

 

2.  Cap performance: 

 a. Cap has a history of requiring repair and stability/erosion issues: _____  _____  

 b. Cap has a history of geotechnical instability, slope failures: _____  _____  

 c. Settlement analysis has been performed: _____  _____  
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IX. Additional Information 

 

Please supplement as necessary:   

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 



APPENDIX 1-3 
 

RECOMMENDED PROACTIVE LEACHATE MONITORING 
 
 
As discussed in Sections 4.1 and 4.2.2 of the report, the following sections describing proactive 
leachate monitoring requirements should be inserted into the Prerequisites Module as Sections 
3.3.4 and 3.3.5 of the Technical Manual.  Current Table E-3-1 should be replaced with the 
updated table in Appendix 1-4. 
 
 
3.3.4 Recommended Leachate Monitoring Data 

1. Leachate Decision Parameters:  If possible, data necessary to apply all three tiers of DP 
trend analysis (i.e., BOD, total flow, and COD)1 should be collected.  For each data series, 
the following requirements should be observed: 

 
A. Collect at least eight composite leachate samples no more frequently than quarterly. 
 
B. It is strongly recommended that2:  
 

a. The total period over which DP data are collected exceeds 10 years; and  

b. DP data collection commence at least five years before the anticipated date of WMU 
closure or include the last 20 percent of the active life of the WMU, whichever is greater. 

 
C. If collection of composite data reflecting leachate collected across the entire WMU is not 

possible or these data are not available, sump-specific data may be pooled and used to 
generate a surrogate composite value.  In this case, the sampled sumps should represent at 
least 75% of total leachate generation from the WMU (if total flow is known) or include all 
sumps (if total flow is unknown).  Sampling should be performed according to the schedule 
for composite sampling in Conditions (A) and (B) above. 

 
2. Regulated Parameters:  The leachate SW and GW RPs required were previously identified in 

Section 3.3.3.  Current concentrations of all RPs in leachate will be calculated from these 
data using methods specified in the Leachate Module (which have certain minimum data 

                                                 
1 Note that if BOD or COD data are also required as an RP, then the most stringent conditions for data collection and 
largest quantity of data specified should be observed such that the frequency of sampling and number of samples is 
consistent with the requirements for both sets of parameters. 
2 Data collection earlier and over a longer period will generally be advantageous to the WMU owner/operator, as 
capture of pre-closure data will likely include peak concentrations.  The 10 year period for data collection is 
intended to improve the overall representativeness of the data series. 
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requirements).  It is recommended that maximum values also be calculated (although 
conservative default values are provided where this is not desired or possible).  For all RPs, 
the following requirements should be observed: 

 
A. Start data collection at least five years before attempting an initial Leachate Module 

evaluation.  
 
B. Collect composite leachate samples at least biannually.  If collection of composite data 

reflecting leachate collected across the entire WMU is not possible or these data are not 
available, sump-specific data may be pooled and used to generate a surrogate composite 
value.  In this case, the sampled sumps should represent at least 75% of total leachate 
generation from the WMU (if total flow is known) or include all sumps (if total flow is 
unknown).  Sampling should be performed according to the schedule for composite sampling 
in Condition (A) above. 

 
C. To calculate a statistically representative maximum value for a RP from an entire composite 

or sump-specific data series, at least eight data points will be required, there must be a five to 
ten year separation between the first and last sample included in the calculation, and no more 
than two post-closure data points may be included in the data series.  Samples should be 
collected semi-annually.  Note the following: 

 
a. The relatively long period specified is intended to improve the overall representativeness 

of the data series, while focusing on collection of pre-closure data is intended to provide 
for capturing peak concentrations; 

b. Calculation of maximum values is not obligatory for successful completion of the 
Leachate Module, but will be used for determining whether GW Confirmation 
Monitoring is required (i.e., when GW monitoring may be ended) or for optimizing 
ongoing groundwater monitoring requirements; and 

c. If fewer data are available but a competent demonstration of having captured peak 
concentrations can be made, then maximum values may be calculated using this reduced 
data set. 

 
D. To demonstrate consistency between current composite and sump-specific concentrations, 

eight composite samples and one sample from each sump will be required for each parameter 
(see Condition (E) below for more information related to sump-specific sampling).  
Thereafter, the number of samples required to calculate a statistically representative current 
value for a RP depends on whether comparison of leachate quality will be to background or a 
regulatory standard.  Where comparisons will be to background (i.e., the background 
concentration of a RP exceeds the standard), eight current samples will be required.  In 
addition, it will be necessary to collect 4 - 8 background groundwater samples on an annual 
sampling frequency, starting as early as possible, in order to generate a representative 
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background value.  If comparison will be to a regulatory standard, a minimum of four 
independent samples should be obtained3. 

 
C. If sufficient composite data are available, only collection of a single ‘snapshot’ sump-specific 

sample is required to evaluate overall representativeness of composite samples4.  To provide 
for appropriate data representativeness, sump-specific snapshot sampling should occur no 
more than 2 years prior to the date of Leachate Module evaluation.  Where the total number 
of sumps at a WMU is large, sumps may be targeted on the basis of leachate generation 
during snapshot sampling.  Target sampling should satisfy the following two conditions:  

 
a. Any sump that individually represents 10% or more of total leachate generation should be 

sampled; and  

b. The cumulatively leachate flow at the sampled sumps should represent at least 75% of 
total leachate generation.   

 
3. Data Preparation:  Specific statistical data preparatory procedures are required prior to the 

hypothesis testing analyses in the Leachate Module.  These methods include:  
 

a. Treatment of censored data (i.e., non-quantifiable measurements); 

b. Determination of outliers; and  

c. Testing of distributional form and assumptions. 
 

These three steps are integral to any statistically rigorous analysis of environmental data.  In 
each case, an overview of the general statistical approach is provided in non-technical terms 
along with a recommended approach in Sections 2.2.1 through 2.2.3 of the Statistical 
Procedures document in Appendix E-1.  Thereafter, a more complete statistical discussion of 
each topic is provided, including a wide variety of possible methods and discussion of their 
respective strengths and weaknesses, is provided in Attachments A through C. 

 
 

                                                 
3 This is another reason why collection of more than the minimum snapshot of sump-specific samples is strongly 
recommended, as the existence of a least 4 sump-specific samples will allow sump-specific data to be compared to a 
regulatory standard if appropriate (i.e., if sump-specific data are consistent with composite data, but represent a 
more complete or otherwise better data series). 
4 It is important to note, however, that it may be beneficial to have more data than the term snapshot sampling 
implies, because additional sump-specific data could be required if it cannot be demonstrated that the snapshot data 
are consistent with composite data (if additional sump-specific samples are necessary, up to 4 samples may need 
collecting on a semi-annual basis, and this could delay evaluation of the Leachate Module).  Where the total number 
of sumps at a WMU is large such that this sump-specific sampling effort will be time-consuming or expensive, 
sampling of 25% of sumps on a rotational basis is suggested. 
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3.3.5 Are All Prerequisites Satisfied? 

Once the prerequisites from Sections 3.3.2 and critical (Classification “C”) data requirements 
from Table 3-1 and Sections 3.3.3 and 3.3.4, have been met, the Leachate Module may be 
evaluated.  To be able to perform a risk evaluation in Sub-Module L-E, however, supplemental 
(Classification “S”) data will be required as shown in Table 3-1, although this is not a general 
prerequisite for entry to the Leachate Module.  The lack of any flag (Classification “F”) data will 
limit the type of evaluations that may be performed.  If any prerequisite conditions or data 
requirements cannot be met, the Leachate Module may not be evaluated until such future time 
that these conditions or requirements are satisfied. 
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APPENDIX 1-4
PROPOSED MODIFICATIONS TO DATA REQUIREMENTS IN PREREQUISITES MODULE

Determining Critical Data Requirements for Implementation of the EPCC Methodology Prerequisites Module
Environmental Research and Education Foundation

Module and Category 
(Table/Section of Technical 

Manual)
Item Current Classification Proposed 

Reclassification

PREREQUISITES MODULE 
(SECTION 3.2) End Use Strategy C Critical

LE
A

C
H

A
TE

 M
O

D
U

LE
 (T

A
B

LE
 E

-3
-1

)

General Prerequisites

Current/historic GW monitoring data and flow direction (background and POC) C Critical
Current/historic SW monitoring data C Critical NC Non-Critical
Previous/existing impacts attributable to leachate, history and current status of corrective action measures C Critical
Identification of applicable SW standards C Critical
Identification of applicable GW standards C Critical

Site Details

Layout of WMU; site topography and features; layout and location of SW and GW POC, POE, and property boundary C Critical
LCRS design (layout, type, components); construction and as-built drawings and details; operation and maintenance history NC Non-Critical
Base grades and liner system layout C Critical O Optimal
WMU cell geometry, size; waste thickness NC Non-Critical
Years accepting waste; waste composition; total mass/volume of waste in place NC Non-Critical
Site-wide or cell-specific operational practices (e.g. leachate recirculation) C Critical NC Non-Critical
Cover system design/as built record, physical condition, repairs and reoccurring issues C Critical
Stormwater management features and performance; any reoccurring seeps/breakouts NC Non-Critical
Topographic surveys and/or settlement data; settlement analysis NC Non-Critical
Geotechnical stability data; documented slope failures NC Non-Critical

Characteristics of 
Receiving Bodies and 
Hydrogeologic DataHydrogeologic Data

Receiving environment at POE; extent of buffer zone F Flag PC Pot. Critical
Location of potable GW point sources within regulatory defined limits F Flag PC Pot. Critical
GW well, LFG migration monitoring well, and other construction and boring logs NC Non-Critical
Characteristics of uppermost aquifer (lithology, thickness, hydraulic conductivity)q ( C Critical
Characteristics of vadose zone (lithology, depth to GW, hydraulic conductivity) C Critical
Characteristics of surface water (mixing zones); peak/average flow rates and/or volume; uses F Flag O Optimal

Leachate Monitoring 
Data

Current and historic leachate analytical results for Decision Parameters C Critical
Current and historic leachate analytical results for Regulated Parameters C Critical
Current and historic leachate generation rates C Critical O Optimal
Type (sump, pump station, gravity drain, etc) and number of leachate sampling locations C Critical
Sump-specific data C Critical

Other Data
Meteorological Data (precipitation, potential evapotranspiration, other climatic data) C Critical
Risk exposure factors; toxicity information S Supplemental PC Pot. Critical

G
A

S 
M

O
D

U
LE

 (T
A

B
LE

 E
-3

-2
)

General Prerequisites

Screening for compliance with LFG migration monitoring criteria C Critical
Sreening for compliance with surface emissions monitoring criteria C Critical
Screening for gas-to-groundwater impacts C Critical
Record of compliance; previous/existing impacts attributable to LFG; odor issues; NSPS/EG requirements C Critical
GW monitoring well headspace data NC Non-Critical

Site Details

LFG collection/control system design (layout, type, radius of influence, and other design calculations) NC Non-Critical
Reason LFG system was originally installed; history of operation, modification, maintenance, balancing NC Non-Critical
Layout of WMU, site, LFG migration and GW POC, distance to sensitive receptors, and property boundary; extent of buffer zone C Critical
Years accepting waste; annual tonnages; waste placement schedule; total mass of waste in place NC Non-Critical O Optimal
Airspace utilization records O Optimal
Waste composition and characterization (incl. sampling from boring logs for LFG extraction well installation) NC Non-Critical
Information regarding on-site or planned end use structures (type, occupancy, previous/existing issues) C Critical
Site operational practices NC Non-Critical
Cover system type, design, details, condition, construction history, repairs, and issues NC Non-Critical
WMU cell geometry, size; waste thickness NC Non-Critical
Base grades and liner system details NC Non-Critical
Aerial surveys and/or other settlement data NC Non-Critical O Optimal

Characteristics of 
Sensitive Receptors

Nature and sensitivity of Receptors (anthropogenic or natural) C Critical
Information about and distance to nearest off-site structures (type, occupancy, previous/existing issues) C Critical
Potential on- or off-site ignition sources and other hazards C Critical
GW and LFG migration monitoring well logsGW and LFG migration monitoring well logs NCNC Non-CriticalNon-Critical
Sub-surface geologic conditions (vadose zone lithology, grain size, depth to GW, and GW flow velocity) C Critical
Vadose zone hydraulic conductivity C Critical
Depth to uppermost aquifer, aquifer thickness, grain size characterization, hydraulic conductivity F Flag PC Pot. Critical
Distance to potable water point sources F Flag PC Pot. Critical
Proximity of potential odor receptors C Critical

LFG Monitoring   Data

Current and historic LFG generation rate; site-specific modeling input parameters; model output NC Non-Critical
Current LFG collection rate C Critical O Optimal
LFG composition (bulk gases, trace components, NMOC); sampling methods and locations NC Non-Critical
Internal gas pressure in WMU (from wellheads, permanent/temporary probes) C Critical O Optimal

Other Data

Meteorological data, atmospheric pressure C Critical Not Required
Institutional controls on site end use; end-use plans; non-technical issues relating to site redevelopment C Critical
State policies and standards regulating GW quality and use C Critical
Risk exposure factors; toxicity information S Supplemental PC Pot. Critical

N
D

W
A

TE
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 E

-3
-3

)
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R
O

U

General Prerequisites

Current/historic GW monitoring data (background and POC) C Critical
Record of compliance; documented releases; previous/existing impacts attributable to WMU, history and current status of corrective action measures (if C Critical

)Selection of groundwater monitoring indicator parameter(s) C Critical
Identification of applicable GW standards C Critical
State policies and standards regulating GW quality and use C Critical

Site Details

Layout of WMU; site topography and features; layout and location of GW POC, POE, and property boundary C Critical
Base grades and liner system details (type, design, components) and integrity NC Non-Critical
WMU cell geometry, size; waste thickness NC Non-Critical
Years accepting waste; waste placement schedule; total mass of waste in place NC Non-Critical
Waste composition and characterization (incl. sampling from boring logs) NC Non-Critical
Site operational practices NC Non-Critical
Cover system design, details, condition, construction history, repairs, and issues NC Non-Critical
Stormwater management features and performance; history of occurrence of seeps/breakouts NC Non-Critical
Aerial surveys and other settlement data; settlement analysis; severity of erosion damage NC Non-Critical
Design information related to geotechnical stability; history of slope failures NC Non-Critical

Characteristics of 
Receiving Bodies and 
Hydrogeologic Data

Nature and sensitivity of receiving environment at POE; extent of buffer zone C Critical
Location of potable GW point sourcesocation o  po able GW po  sources NCNC Non CriticalNon- itica
GW well, LFG migration monitoring well, and other boring logs NC Non-Critical
Characteristics of uppermost aquifer (lithology, grain size, thickness, hydraulic conductivity) C Critical
GW flow characteristics (predominant direction, velocity, vertical/horizontal components) C Critical
Preferential groundwater flow pathways, recharge and discharge relationships NC Non-Critical
Characteristics of vadose zone (lithology, grain size, depth to GW, hydraulic conductivity) C Critical
Other sub-surface geologic conditions NC Non-Critical

Other Data
Meteorological Data (precipitation, potential evapotranspiration, other climatic data) NC Non-Critical
Risk exposure factors; toxicity information S Supplemental PC Pot. Critical

C
A
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O

N
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)

General Prerequisites

End use strategy identified with cap performance criteria C Critical
Outcome of Leachate Module established C Critical
Outcome of Gas Module established C Critical
Outcome of Groundwater Module established C Critical
Interim or final cap installed C Critical
Cap monitoring and maintenance program in compliance C Critical

Data Requirements

Cap performance data and site information (e.g., settlement, infiltration control, emissions control for active and PCC conditions) C Critical
Cap settlement data (e.g., time-series topographic aerial/land surveys, settlement plates or other point-source data) C Critical
Original design basis and construction details for cap S, F Suppl./Flag PC Pot. Critical
Site conditions upon which original design is based S, F Suppl./Flag PC Pot. Critical
Meteorological data S, F Suppl./Flag PC Pot. Critical
Structure and specifications of cap S, F Suppl./Flag PC Pot. Critical
Water balance, gas control modeling S, F Suppl./Flag PC Pot. Critical

Key BLUE New or substantially modified line item
GREEN Status of line item downgraded from critical to non-critical

ORANGE Status of line item changed to optimal
PINK Status of line item changed to potentially critical

This appendix should be used to fully replace the Tables and Sections of the Prerequisites Module listed in the righthand column.  See discussion in Section 4.1 of the main report for more details.



APPENDIX 1-5 
 

PROPOSED REVISION TO GAS MODULE TIME OF TRAVEL LOOKUP TABLE 
 
As discussed in Section 5.3.1 of the report, current Table E-5-4 in Section 5.3.3 of the Technical 
Manual should be replaced with the revised lookup table below.   
 

 
Table E-5-4 (Revised):  Estimated TOT for LFG Plume Given Internal WMU Gas Pressure 

and Maximum Intrinsic Vadose Zone Hydraulic Conductivity 

5 10 20 60
6 months 30 days 15 days 7 days 3 days 2 days
5 years 12 months 6 months 90 days 30 days 15 days

10 years 10 years 5 years 2½ years 9 months 6 months
10 years 10 years 10 years 10 years 8 years 5 years

Max. Vadose Zone 
Hydraulic Conductivity, k 

(cm/s)5 

Time of Travel per 100 ft Horizontal Distance4

Default Max.1
Maximum WMU Internal Gage Pressure (in.-w.c.)

Default Min.1

> 5 x 10-2

5 x 10-2 - 5 x 10-3

5 x 10-3 - 5 x 10-4

5 x 10-4 - 5 x 10-5

< 5 x 10-5 GAS CONFIRMATION MONITORING NOT REQUIRED2,3
 

 
Notes: 

1. Default values to be used where site-specific measurement is not undertaken.  Default 
maximum TOT is based on internal gage pressure of 1 in.-w.c., default minimum TOT is 
based internal gage pressure of 100 in.-w.c. 

2. Confirmation monitoring for gas migration is not required because the low hydraulic 
conductivity of the vadose zone will tend to manifest more readily as cover surface 
emission exceedences, instability, or visible vegetative stress, all of which will be noticed 
during cover inspections.  See Note (A)(a). 

3. If this condition applies, go to Step (1)(i) upon exiting the table. 
4. When actual values fall in between the values shown on the table, the user should move 

to the more conservative value.  For example, if internal gage pressure = 15 in.-w.c. and 
vadose zone k = 5 x 10-3 cm/s, TOT = 5 years. 

5. The hydraulic conductivity values provided are for water (i.e., typically reported values 
for saturated hydraulic conductivity).  The TOT values have been corrected to allow for 
the fact that the hydraulic conductivity for LFG for the soil medium will be different.  
The correction is based on the intrinsic permeability of the soil and assumptions of LFG 
composition and properties.  The user should also apply the worst-case (i.e., highest) 
hydraulic conductivity zone expected at the landfill, including any known or suspected 
preferential paths for LFG migration. 
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The technical basis for the revised table is provided below, and should be used to replace current 
Note (A) in its entirety in Section 5.3.3 of the Technical Manual. 
 
A. The project team devised the modified screening approach for revising Table E-5-4 by 

bracketing near-zero and instability-causing gas pressures to define the duration and 
frequency of gas CM based on upper- and lower-bound TOTs, respectively.  The values in 
the table are conservative and dependent upon the internal LFG pressure within the refuse 
mass and the horizontal conductivity of the vadose zone soils adjacent to the landfill.  The 
analysis that was conducted to determine these values was based on Darcy’s law, which 
models the advective (i.e., pressure gradient) movement of a gas in a porous media1.  
Diffusive gas movement was assumed to be insignificant.  The technical basis for assigning 
representative conditions for calculation of TOT is as follows: 
 

a. Default Maximum TOT:  The minimum recordable internal gage pressure is set at one 
inch of water column (1 in-w.c.).  It is reasonable to assume that driving pressures lower 
than this value will not result in significantly different rates of gas migration.  Therefore, 
in the absence of actual gage pressures, the Gas Module user should assume a default 
maximum TOT per 100-ft travel distance from revised Table E-5-4 relative to the 
maximum vadose zone hydraulic conductivity reported at the site.  The maximum TOT is 
then used to establish the duration of CM, based on the assumption that a gas plume 
would not move slower than under these conditions (i.e., CM would detect a gas plume if 
it were to migrate).  The maximum TOT is cut off at 10 years for 100 ft; it is assumed 
that subsurface gas migration at a rate slower than this from the time that a screening 
evaluation suggests that modification to LFG controls is appropriate will not be cause for 
concern because the low hydraulic conductivity of the vadose zone will tend to drive 
LFG issues at the site to manifest themselves as surface emission exceedences or visible 
vegetative stress. Indeed, where k ≤ 1 × 10-5 cm/s, no CM is required (regardless of 
distance to the POC) because the expected rate of gas migration would be expected to be 
de minimus such that LFG issues would not manifest as offsite migration. 

b. Default Minimum TOT:  The maximum reasonable internal gage pressure is set at 100 in-
w.c.  In practical terms, this is an extremely high value; for example, calculations of 
geosynthetic cover system stability under conditions of elevated pore gas pressures 
typically exceed a factor of safety of 1.0 at about 8 – 12 in-w.c. (i.e., 10% of the 
maximum value proposed in the table).  Therefore, before such pressures were ever 
actually encountered at a geosynthetic-capped landfill, significant cover system 
instability and potential failure conditions should be noticed (at a soil-capped landfill, 

                                                 
1 Darcy’s law was applied in one dimension (horizontal).  It relates the velocity in the horizontal direction in terms 
of pressure and permeability.  Viscosity and gas density, which also enter into Darcy’s equation, were assumed to be 
constants based on characteristics of a gas comprised of 55% methane and 45% carbon dioxide, which typically 
represents as-generated LFG.   The horizontal velocity for LFG was then calculated by inserting the specific values 
for pressure and conductivity from the table and the constants for viscosity and density.  The TOT was calculated 
from the velocity and the designated horizontal distance of 100 feet. 
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such elevated pressures could not arise due to venting through the cover).  Indeed, the 
screening process in the Gas Module is sufficiently conservative that the project team is 
confident such sites could not actually pass and be considered suitable for elimination of 
active LFG controls.  In the absence of actual gage pressures, the Gas Module user 
should assume a default minimum TOT per 100-ft travel distance from revised Table E-
5-4 relative to the maximum vadose zone hydraulic conductivity reported.  The minimum 
TOT is then used to establish the frequency of CM, based on the assumption that a gas 
plume would not move faster than under these conditions (i.e., CM would not fail to 
detect a gas plume before it had travelled much beyond the POC, at which point rapid 
corrective action such as re-ignition of an active LFG system could be implemented to 
prevent significant migration to the property boundary). 

c. TOT based on Actual Gage Pressure:  Measurement of internal gage pressure remains an 
optimal (but not critical) requirement under the revised Gas Module prerequisites and, 
where feasible, the user is encouraged to measure internal pressure in the WMU.  
Therefore, revised Table E-5-4 continues to provide look-up TOT values based on a 
range of actual gage pressures between the minimum and maximum assumed default 
values. 

d. In summary, site operators continue to be encouraged to collect actual gage pressure 
measurements at the time that LFG modifications are proposed because, depending on 
site-specific geometry and vadose zone characteristics, this could significantly reduce the 
required frequency and duration of CM relative to the new default TOT values proposed 
on Table E-5-4.  However, because the TOT for gas migration in the vadose zone is 
typically fast – often weeks or months – resorting to default values from the table should 
not represent an undue additional monitoring burden at the POC gas probes during CM, 
especially considering that it will occur for a fixed duration only while an effort to reduce 
or eliminate active LFG management is being evaluated. 
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APPENDIX 2-1A 

SUMMARY – SITE A (FLORIDA)  

 

 

Overview 

Study WMU:  Site A is a four-phase, lined WMU with LCS covering approx. 39 acre footprint, 
with estimated capacity of 2.4MM tons and constructed with about 100 ft max depth of waste.  
Phase 1 of the WMU opened as the county landfill in 1983 and stopped receiving waste on 26 
July 1999.  The county landfill was designed to accept about 215 cy of MSW per day.  By 1993, 
the site was taking 1,500 tpd.  Phases 2-4 were constructed in 1993 and filled by 2001.  The 
entire WMU is a Subtitle D landfill (Class I Landfill according to Florida SWM regulations).  
WMI acquired the site in 11/1987.  The original WMU permit expired 12/1989, renewed in 1993 
and again in 1998. 

Property:  According to the site permit renewal application (PRA) dated 6/1993, the total 
property size is 424 acres.  Site A is located on an 89-acre parcel originally approved for landfill 
disposal in 10/1982.  According to the original 2/1982 design report, the property was not in use 
prior to siting the landfill.  Site A is one of two permitted separate WMUs on the property, the 
other one is much larger (139 acres, 13 phases) and still active, having commenced operation in 
1999.   

The physiographical setting of the property and study unit is shown on Figure A-1.  A stylized 
depiction of the site layout is provided as Figure A-2.   

Site Information 

Geologic and Hydrogeologic Setting:  The site is located in karst terrain in which a relatively 
thick, continuous clay layer overlies the Floridian aquifer throughout most of the site.  No 
springs, caves, or sinkholes are known to exist in the site vicinity (the closest sinkhole is about 
15 miles SE).  Several filled solution features exist where depth to limestone is in excess of 70-
95 ft bgs; these features are now filled with well compacted sands and clays and have been stable 
for many years.  Generally, the surface soils are Pliocene-Pleistocene age Pamlico fluvial 
deposits extending to a depth of 30-40 ft.  Depth is regulated by the underlying irregular ancient 
limestone surface.   

The geologic units are subdivided into three hydrogeologic units: the surficial aquifer system 
(undifferentiated terrace and alluvial deposits of the Holocene and Pleistocene and the Citronelle 
formation of the Pliocene) which provides a small amount of water for domestic supply locally, 
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the Floridian aquifer system (comprised mostly of Ocala Group limestones in the landfill 
vicinity) which is the main drinking water source in the region, and the sub-Floridian confining 
units (undifferentiated Lisbon and Tallahatta formations).     

Locally, there are two perched water-bearing zones in silty sands and the plugged, filled, ancient 
solution features (clays) above the Floridian aquifer, the only true aquifer.  The water elevation 
in the perched water table is highly dependent on the frequency and intensity of rainfall.  The 
upper perched water table moves towards the N surface water body after heavy rainfall and does 
not exist except near this water body during dry periods.  Water levels in the lower perched zone 
appear to drop little during dry weather but rise significantly after a period of prolonged rain.  
The surficial deposits are not considered to be hydraulically connected to the limestone aquifer, 
except possibly in karst depressions 

Saturated Zone:   Water in the Upper Floridian aquifer originates almost entirely as precipitation, 
recharge occurs by direct infiltration where the aquifer is covered by thin sandy soil, by vertical 
leakage form perched aquifers, by streams, and by solution features such as sinkholes (when they 
are not filled with clayey sediments).  About 40% of the local area is considered to have 
moderate to high recharge potential.  The permeability of the aquifer is largely attributable to 
secondary porosity resulting from dissolution of carbonate rock.  The aquifer is considered to be 
under confined or semi-confined conditions due to the presence of a continuous clay or clayey 
sand which lies directly on top of the limestone.  The aquifer is fully saturated with artesian 
water levels remaining above the tope fo the limestone at all times. 

Boring Logs:  2/1982 report provides 4 pre-development “test hole” boring logs (TH1 – TH4 on 
Figure A-3) down to water table, approx. 25 ft bgl (142-152 ft-msl).  All boring logs show GW 
potentiometric surface encountered in clay (CL, approx. permeability 3x10-8 cm/sec).  Boring 
logs for MW-01 to MW-16 show depth to bedrock (limestone) of 40 – 100 ft bgl.  The limestone 
is typically found at 110-130 ft-msl.   

Hydraulic Conductivity:  Slug tests were performed in MW-01, MW-02, MW-03, MW-05, MW-
10, MW-11, and MW-12 in 1990, giving k values of 5.46x10-2 cm/sec to 2.5x10-5 cm/sec 
(average 1x10-2 cm/sec).  According to a 1988 design report, the silty clays and clays beneath the 
site exhibit k values of 10-7 – 10-9 cm/sec, silty sands have k values of 10-5 cm/sec, and 
weathered limestone has k values of 10-5 cm/sec. 

Groundwater:  Groundwater flow direction and gradient change significantly during the year 
(during a one-year monitoring period in 1992, groundwater was observed to fluctuate from 147 – 
162 ft-msl); for this reason, the State required additional cross- and downgradient wells to be 
installed in 1993.  However, the aggregate groundwater flow direction is considered to be NNE 
and ENE.  The horizontal flow gradient is very low.  The hydraulic conductivity of the Floridian 
is reported as 9-119 ft/day, with groundwater velocity of 0.1-1 ft/day.  Groundwater elevations 
are regularly recorded during groundwater monitoring events.  Useful upgradient and 
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downgradient elevation data are available from 3 and 4 wells, respectively, for the period 5/1988 
through 8/2007.  Monthly GW potentiometric plots are available from 6/1991 to 12/1992, annual 
plots exist for 2003 to 2005.  GW elevations in relation to the liner basegrades are summarized 
on Figure A-3.  Elevations range from about 156-125 ft-msl in all proximal monitoring wells.  
This means that the min liner elevation (155 ft-msl at downgradient toe in Phases 2, 3, and 4) is 
generally above the high GW elevation. 

Unsaturated (Vadose) Zone:  The surficial sediments are unconsolidated sands and clayey sands 
interspersed with lenses of clay and occasional lenses of gravel.  All surficial sediments are 
uniform in composition.  The sands consist mainly of fine to medium grained quartz mixed with 
varying amounts of clay.  The clays are low permeability, high plasticity, CH type clays to silty 
clays.  The 2/1982 boring logs all show GW in clay (CL), overlain by layers of MH (approx. 
permeability 10-7 cm/sec), SC (approx. permeability 2x10-4 cm/sec), and SP (approx. 
permeability 5x10-2 cm/sec), although SP is generally removed prior to site development. 

Physiographical Setting:  According to the 2/1982 report, the average ground elevation of the 89-
acre Site A parcel is 165 ft-msl, and the high water level in the surface water body N of the 
WMU is approx. 160 ft-msl.  General features are very gently sloping areas with slow surface 
runoff under natural conditions.  Soils are predominated by one type, the Fuquay series, 
consisting of well drained, loamy textured soils; typically, surface soils are 20-in. thick, sand 
textured and subsurface soils are > 40-in. think, sandy clay loam textured.  “These strongly acid 
soils are low in fertility and low in available water capacity.”  According to the FEMA flood 
map, only the N surface water body is located within the 100-year flood zone, and all areas 
above 160 ft-msl will not be impacted by a 100-year flood. 

Potential Point(s) of Exposure:  The properties surrounding the site are not zoned, the 
predominant and use is agricultural grazing lands or woods, wetlands, and marshes.  A number 
of private houses are located within a few hundred feet of the E and S property line.  According 
to a 1990 water well survey, 15 wells permitted for domestic or agricultural use were located 
within a mile of the landfill; no public water supply wells or pipelines for water supply existed at 
that time.  Locations of on-site structures are known from site topo surveys; locations of off-site 
houses and other structures are estimated based on review of a recent aerial photo, dated 3/2006.   

Climate:  The 2/1982 report gives average rainfall from 55-60 in/year, with 40% occurring 
between Jun and Sep.  The 1/1992 permit conditions include monthly on-site rainfall 
measurement. On-site daily rainfall data are available electronically for 1/1996 through 11/2007.  
Max and min annual occurred in 2005 (92.4-in) and 2006 (39.3-in).  Composite monthly data 
from 1990 to 2007 compiled by NOAA indicate regional climatic conditions of 45-63 in mean 
annual precipitation and 60-70 °F mean annual temperature. 
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Waste Placement and Operations 

General:  The 6/1993 PRA states that the existing WMU consist of six phases (four basal and 
two overlay) which are subdivided.  Phase 1 was existing when site was taken over from the 
county by WMI.  Phase 1 comprises 3 units, Phase 2 comprises 4 units, Phase 3 comprises 6 
units, and Phase 4 comprises 2 units.  Phase 5 comprises 3 lifts and Phase 6 one lift.  According 
to 6/1993 PRA, the general progression of waste filling was towards N and E.  Yard waste is 
unloaded in designated areas and periodically shredded or ground in a tub grinder.  A 12-in. layer 
of mixed ground yard waste and soil can be used as alternative intermediate cover. 

Waste Placement Data:  Annual waste placement data are available for 1986 through 1999.  
Monthly data are available for 1993-1997 and 1999.  The site operated between 1983 and 26 July 
1999.  Waste placement between 1983 and 1986 has been estimated at a constant rate based on 
landfill volume.  Total estimated waste in place is 2,413,314 tons.  Reported waste acceptance 
and compaction rates in 2001 were 1,300 tpd and 1,500 pcy, respectively.   

Waste Composition:  Monthly “commodity summary calculations” are available for 1997-1999, 
indicating tons of household (residential, municipal, and citizen’s use), industrial, commercial, 
C&D, and yard waste handled, as well as boiler fly ash residue, sewage sludge, industrial sludge, 
“other”, and recyclables.  Household waste generally comprised the largest component of the 
incoming waste stream and was fairly stable at approx. 14,500-20,000 tons/month in 1997 and 
18,500-26,700 tons/month in 1999.  Quantities of industrial waste handled varied considerably, 
for example ranging from 1,500-28,500 tons/month in 1998. 

Closure and Post-Closure (C/PC) Plan 

 The WMU was certified closed on 6/19/2002 by the State and entered a 30-year Post Closure 
Long-Term Care program in accordance with Chapter 67-701, FAC.  “Permittee is to monitor 
and maintain the integrity and effectiveness of the final cover as well as other appurtenances of 
the facility in accordance with the approved closure plan for 30 years from the date of closing.  
Before expiration…the Department may extend the time period if the closure design or closure 
operation plan is found to be ineffective.”  The long term care permit for the WMU is renewed 
every 10 years, most recently in 10/2007.  The most recent permit renewal application was 
submitted in 8/2007.  Recirculation is allowed except in Phase 1.  Permittee must manage 
stormwater, comply with air quality and odor control criteria, manage and monitor LFG, and 
monitor surface water, GW, and leachate quality.  

End Use Strategy 

The Wildlife Habitat Council (WHC) has certified the facility’s wildlife habitat program.  The 
facility is home to a range of native wildlife, including alligators, wood ducks, coots, other birds 
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and mammals.  Man-man retention ponds (W of Site A) have been stocked with catfish and 
bream.  Numerous pristine wetland areas have been preserved and maintained, notably to the N 
and W of Site A.  In addition, as part of a wetland mitigation project, WMI has deeded approx. 
2.2 acres of wetlands to the State. 

Liner System  

Design:   Design plans from 5/1989 and permit drawing “Landfill Sequencing Plan” (6/1993) 
show design base grades for the entire 39-acre site.  Phase 1 comprises 3 units (total 7.7 acres), 
Phase 2 = 4 units (total 11.6 ac), Phase 3 = 6 units, Phase 4 = 2 units (combined total 20 acres).  
All of Phase 1 was existing when site was taken over from the county by WMI in 1989.  
According to site manager, Phase 1 Unit 1, covering approx. 5 acres, has a compacted clay liner 
only comprising 3-ft of 10-7 cm/sec with 1-ft 10-3 cm/sec drainage layer above, as shown on 
design plans for the county dated 4/1987.  Phase I Units 2 and 3 reportedly have geomembrane 
liners, but this is unconfirmed, and 5/1989 design drawings show Phase 2 geomembrane liner tie 
into clay liner for Phase 1 Unit 3.  The 6/1993 PMA states that “Phase 1 consists of 7.74 
acres…50% of this area has no underlying leachate collection system, while the remaining 50% 
has a clay liner and collection system.”  Phase 2 through 4 have a double liner with GCL, design 
shown below based on 6/1993 permit. 

 

All of Phase 1 and LCS-01 and LCS-02 were existing when the WMU was taken over from the 
county by WMI in 1989.  The sump base dimensions and elevations are not known; however, the 
basegrades on Phase 1 are shown on the 5/1989 design plans as 164 ft-msl.  The design 
basegrades in Phase 2 vary from 160-165 ft-msl (upslope toe) to 155-160 ft-msl (downslope toe).  
Phases 3 and 4 share the same design basegrade highpoints, varying from 160-165 ft-msl.  The 
design basegrade low points in Phase 3 are the same as for Phase 2.  The design basegrade low 
points in Phase 4 are 155-159 ft-msl.  The liner basegrades are not below the seasonal high 
groundwater table. 
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The base of both LCS-03 and LCS-04 is a 15-ft square at elevation 151 ft-msl, filled with 
drainage sand.   

CQA and Construction Records: None seen. 

As-Built Drawings:  None seen. 

Leachate Management System   

Design:  In the 5/1989 design plans, all leachate from the WMU was drained to an open 
storage/evaporation pond fitted with aerators (formerly located S of the current aboveground 
storage tank location, E of Phase 1 and 2).  The bottom elevation of the pond was 170 ft-msl.  
According to the 6/1993 design plans for the site (see below), it was intended that aboveground 
tanks would replace the pond once constructed.  At various times, leachate has also been 
disposed of via recirculation or transportation to POTW. 

Permit drawing “LCS Piping Plan” (6/1993) shows four leachate sumps LCS-01 to LCS-04.  A 
6-in. gravity toe drain around the W and S perimeter of Phase 1 drains to LCS-01.  A gravity toe 
drain around N and E of Phase 1 drains to LCS-02.  A conventional LCS exists in Phase 2 
through 4.  The primary LCRS consists of a geonet/geotextile drainage layer, sloped at 2%.  
Leachate collection pipes (8-in slotted SDR-11 HDPE) are installed above the drainage layer, 
draining at 1% to sumps equipped with submersible pumps.  LCS pipes are overlain by river 
rock aggregate, protected by geotextile layer.  The LCS drainage layer is also overlain by 
geotextile, in turn overlain by 24-in. protective soil layer.  Phases 2 and 3 drain to LCS-03.  
Phase 4 drains to LCS-04.  Vertical wetwells are installed above all sumps.  5/1989 design shows 
a valve box with check valve for LCS-03 and LCS-04.  Leachate is pumped via forcemain via 
leachate sampling vault LSV-1 to storage tanks.  A leachate out-loading area is shown E of the 
tanks.   

CQA and Construction Records:  None seen. 

As-Built Drawings:   None seen. 

Leachate Recirculation:  There are three leachate recirculation trenches beneath the surface of 
the WMU cover as shown on 8/2007 topo.  Each trench is connected to three stick-up pipes 
located equidistant along its length.  The LR system is described in the 6/2002 permit application 
for the facility.  Leachate from Site A and the other WMU onsite is allowed to be recirculated 
over the lined limits only (i.e., not in Phase 1). 

Leachate recirculation quantities are recorded on a bulk monthly basis.  Electronic data are 
available for 1992-1995 and 2002-2006. Incomplete paper records are available for 1995-1998.   
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Leachate Sampling and Data:  The 1/1992 permit required quarterly monitoring at L-1, at the 
former Leachate Pond #1.  The 6/1993 permit drawing “LCS Piping Plan” shows a dedicated 
leachate sampling vault, LSV-1, at the current storage tank location.  The 10/2007 permit also 
refers to L-1, a composite sampling location at the two 48,000 gal. aboveground storage tanks. 
The monitoring frequency in the 10/2007 permit is annual,  to be performed in  conjunction with 
GW, and must include conductivity, pH, DO, color (field) and total ammonia-N, bicarbonate, 
chloride, mercury, iron, nitrate, sodium, TDS, and all Appendix I (lab). 

Composite leachate flow quantities are recorded on a bulk monthly basis at the storage tanks.  
Electronic data are available for 1992-1995 and 2002-2006.  Incomplete paper records are 
available for 1995-1998. 

Sump specific monthly leachate flow data are available for 4-12/1997 and 1-2/1998. 

Leachate Data (Electronic) 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride COD BOD 

Tanks (composite),  
L-1 

32 
4/1992 
2/2007 

280 
1,000 
mg/l 

-- -- 

 

Compliance Issues and Community Concerns:  None reported. 

Cover System 

Design:  The maximum crest elevation across Phases 2 to 4 shown on the 5/1989 design 
drawings is 248 ft-msl.  The maximum crest elevation at Phase 1 shown is 231 ft-msl.  Final 
cover design (bottom-top) comprised 6-in initial cover, 12-in intermediate cover, 12-in 
compacted clay (5 x 10-6 cm/sec) and 18-in vegetated soil cover.  This design was superseded by 
the 6/1993 PRA cover design which requires (bottom-top) 12-in compacted cohesive soil, 40-mil 
“Coverseal” 2-sided textured geomembrane, geocomposite, 18-in misc. cover soil, 6-in 
vegetative support soil. 

CQA and Other Construction Records:  The 1/1998 CQA report for stage 1, which cites the 
6/1993 PRA, states that the compacted cohesive soil layer was red and white clay from on site 
borrow, tested under ASTM D-698 Proctor to be 2.1 x 10-8 cm/sec at 90% compaction.  The 
cover was constructed in Jun/Jul 1996, with vegetation completed in 3/1997. Minor repairs were 
made to upper soil layers in 7/1997.  CQA was performed on all cover components.  The 2/2001 
CQA report for stage 2, which cites a 3/1998 PRA (with same cover design except 40-mil HDPE 
textured geomembrane), uses the same cohesive soil source, compacted/smoothed with a drum 
roller, not tested.  The cover was constructed from Apr-Jun 2000, and vegetated in 11/2000.  
CQA consisted of thickness checks and visual inspection.  The final 9/2001 CQA report for stage 
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3 states that construction and CQA was essentially the same as for stage 2.  The cover was 
constructed from Apr-Jul 2001, and vegetated in 8/2001.  Three leachate recirculation trenches 
were installed immediately below the final cover in stage 3. 

As-Built Drawings:  The 6/1993 PRA states that Phases 1 and 2 had already achieved 
intermediate or final grades, and that portions of the southern slopes of Phase I had already 
received final cover.  The remaining final cover was constructed in three stages.  The as-built 
drawings (ABDs) for stage 1 (10.2 acres) from 1/1998 shows cover applied to Phase 1 and some 
lower sideslopes of Phases 2 and 3.  The maximum crest elevation shown in Phase 1 is 242 ft-
msl.  The ABDs for stage 2 (20 acres) from 2/2001 shows remaining sideslope cover applied to 
Phases 2 to 4.  The ABDs for stage 3 (8 acres) from 9/2001 shows final cover applied to the crest 
of Phases 2 to 4.  The maximum crest elevation shown is 262 ft-msl over Phase 4.   

Topographic Surveys:  Several electronic aerial topo surveys flown between 2001 and 2007 are 
available.  The max crest elevation shown on the 2/2007 topo is approx. 258 ft-msl, suggesting 
only 4 ft of settlement in six years through a maximum depth of waste of about 107 ft (i.e., 262 ft 
– 155 ft), or about 4% of max waste depth.   

Cover Monitoring and Maintenance:  The cover is regularly mowed and all gas collection and 
control system (GCCS) components except wellheads are buried.  Monthly Title V wellhead 
monitoring program includes and visual inspection of cover vegetation and erosion.  Quarterly 
surface scans for fugitive methane emissions have been conducted since 8/1999.  With the 
exception of a persistent erosion issue downslope of the cover access road about half way up the 
W side of the WMU, only occasional settlement around well shafts, minor downslope erosion 
gullies, and occurrence of small bare areas has been reported.  According to site manager, all 
cover issues are promptly repaired. 

Compliance Issues and Community Concerns:  None reported. 

Landfill Gas Control System 

Active Gas Control System:  The GCCS for Site A currently comprises 47 wells, although W-33 
was decommissioned in 4Q 2004.  The Title V permit from 7/1998 authorizes the operation of a 
GCCS at the “active 39-acre parcel…” currently consisting of “21 gas extraction wells, a 
condensate collection system, blowers, utility flare, and all associated piping.  This constitutes 
Phase I of the GCCS, startup date reported as 9/1996.  Gas generation modeling in Title V was 
estimated at 730 scfm in 1999 based on AP-42 default values (k=0.04/yr, L0=100 m3/Mg).  Phase 
II expanded the GCCS to 41 wells; the startup date given for Phase II is 12/1998.  The 1999 
GCCS design shows a LFG flare located E of Phase 1/2 to which all LFG from Site A is 
delivered.   
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Gas Utilization:  A 4.8MW LFGTE facility has been installed at the site, drawing LFG from both 
WMUs, and the flare location for Site A has been dismantled.  However, it appears that the Site 
A flare was operated intermittently as recently as 5/2006. 

Passive Gas Vents:  None. 

Construction Details and As-Built Drawings:  A GCCS record drawing from 11/1999 shows 
layout of 47 vertical wells of which only 6 were not already installed at that time.  A perimeter 
header carries LFG to a single condensate knockout.  All leachate cleanout risers and manholes 
are connected to the GCCS. 

Landfill Gas Data:  Monthly Title V wellhead monitoring is performed at all 47 wells.  Total 
flow to the Site A flare was recorded intermittently 2-5 times per month between 1997 and 2004 
and ranged from 410-970 scfm between 1999 and 2004.  Site manager estimates current gas 
generation is 300-400 scfm, based on flow to maintain vacuum when larger WMU at site is 
offline. 

Landfill Gas Data (E = Electronic, P = Paper) 

ITEM Flow Composition Notes 

Flare Log 
Total flow, total blower 

hours 
O2 and CH4 

Intermittent monthly 
records 1999-2006 (P&E) 

Wellheads,  
W-01 to W-47 

-- O2 and CH4 
Intermittent monthly 

records 1998-2006 (P&E) 

Surface Scans -- Methane content only  
Quarterly, 

since 3Q 1998 
 

Compliance Issues and Community Concerns:  None reported. 

Groundwater Monitoring System 

Layout:  Ten GWM wells are described in the original 1/1992 and most recently renewed 
10/2007 permit conditions, including 9 compliance wells, all proximal to the WMU and 
monitoring the Floridian Aquifer.  MW-01, MW-11, MW-12, and MW-15 are downgradient, 
MW-10 and MW-13 are side gradient, and MW-02, MW-02, and MW-14 are upgradient.  The 
1/1992 permit conditions describe removing MW-5 (location unknown) from the monitoring 
network.  One upgradient well (MW-16) was to be installed off-site and designated as 
background “for the period prior to landfill expansion activity.  At that time, it shall be re-
evaluated to determine its adequacy.”  This was subsequently replaced with MW-21, a combined 
upgradient well for both WMUs on the property (per 10/2007 permit).  MW-12 was also 
replaced with MW-12R.  According to the 6/1993 PMA, all wells are screened in the limestone 
unit except MW-03 (clay near top of limestone) and MW-06 (sand). 
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Monitoring Program:  The allowable horizontal zone of discharge (ZOD) is the S, E, and W 
property boundaries and the high water mark in the N wetland/woodland system.  The vertical 
ZOD extends from the ground surface to the top of the Floridian Aquifer.  The monitoring 
frequency in the 10/2007 permit is semi-annual and must include level, conductivity, pH, DO, 
turbidity, temperature, color (field) and total ammonia-N, chloride, mercury, iron, nitrate, 
sodium, TDS, and all Appendix I (lab). 

Construction Details:  Boring logs and well development details are available.  

Groundwater Data:  Potentiometric maps from 8/2003 and 8/2004 show GW elevations range 
from 151-150 ft-msl at the upgradient S toe and 140-150 ft-msl at the downgradient N toe.  This 
means that the min base of liner (155 ft-msl) is consistently above the high GW elevation, but 
base elevations in sumps LCS-03 and LCS-04 (151 ft-msl) are potentially below groundwater. 

A summary of analytical data is provided in the table below. 

Groundwater Data (Electronic) 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Cl- Na K 

Upgradient, distal 
MW-16 

ND -- -- -- -- -- 

Upgradient, distal 
MW-21 

25 
1/1995 
8/2007 

270 Y Y Y 

Upgradient, proximal 
MW-02, MW-03,  

MW-14 
54 

5/1988 
8/2007 

179 Y Y Y 

Crossgrad., proximal 
MW-10, MW-13 

45 
7/1990 
8/2007 

179 Y Y Y 

Downgrad., proximal 
MW-01 

54 
5/1988 
8/2007 

289 Y Y Y 

Downgrad., proximal 
MW-11, MW-12,  
MW-12R, MW-15 

44 
7/1990 
8/2007 

178 Y Y Y 

 

Compliance Issues and Community Concerns:  An investigation into elevated iron 
concentrations in GW was required by the State, conducted between 2005 and 2007.  The report 
on findings concluded that wells with elevated iron concentrations should be cleaned and 
redeveloped, and that inert nitrogen rather than air should be used to operate bladder pumps. 

Surface Water Monitoring System 

Locations:  All stormwater is retained in W and N perimeter pond-channels, then discharged via 
the natural wetland/woodland located along the N property boundary.  The allowable horizontal 

Appendix 2-1 SITE A.doc  A-10                 3/16/2011 



Geosyntec Consultants 

 

zone of discharge is the S, E, and W property boundaries and the high water mark in the N 
wetland/woodland system.  Specific permit conditions from 1/1992 and 10/2007 cite two 
monitoring locations SW-1 and SW-2 for compliance monitoring, both in the N boundary 
wetland/woodland near the locations at which stormwater discharges from the pond-channels. 

Monitoring Program:  The monitoring frequency in the 10/2007 permit is semi-annual, to be 
performed in  conjunction with GW, and must include conductivity, pH, DO, turbidity, 
temperature, color (field) and unionized ammonia, hardness, copper, mercury, iron, nitrate, zinc, 
TDS, TOC, TSS, COD, total phosphates, fecal coliform, chlorophyll A, total nitrogen, and all 
Appendix I (lab). 

Surface Water Data:  Available data from the electronic GW database is summarized in the table 
below.   

Surface Water Data (Electronic) 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride NH4+ BOD 

Downgrad., proximal 
SW-1* 

34 + 7 
4/1990 
2/2007 

290 Y  Y 

Downgrad., proximal 
SW-2** 

7 
3/2003 
2/2007 

290 --  Y 

*Reported as SW-02 prior to 1Q 2003 and as SW-01R since 1Q 2003. 
** Reported as SW-02R. 

Compliance Issues and Community Concerns:  None reported. 

Methane Migration Monitoring System 

Layout: 8/2007 PRA shows 15 methane migration monitoring (MMM) wells (MWP-1, MWP-3 
through MWP-13, MW-14A, MWP-15 through MWP-17) are located around the WMU toe or at 
the property boundary.  The 2/2001 gas monitoring plan shows 12 existing MMM permanent 
probes (GP-1 through GP-5 and GP-10 through GP-14) around the WMU (well/probe numbers 
match between MWP and GP designation).  No additional MMM wells were planned.  
According to 2/2001 plan, no MMM was conducted prior to 11/1987.  The first methane survey 
at WMU toe was conducted in 1/1998 at 22 locations spaced 150-200 ft apart using 36-in deep 
barhole probes.  Gas was detected at 3 locations on the S perimeter and 5 on the W perimeter.   

Monitoring Plan and Data:  Quarterly monitoring of all permanent probes/wells and on site 
structures is specified in the 2/2001 plan and 10/2007 permit.  Quarterly monitoring records from 
17 locations designated PBH-1 to PBH-17 and 7 buildings are available.  It is assumed that PBH 
and MWP numbers correspond.  Occasional methane detections at <5% are noted; PBH-13 has a 
number of methane hits at 15-20%. 
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Methane Migration Monitoring Data (E = Electronic, P = Paper) 

ITEM Flow Composition Notes 
17 Perm. Probes, 

“PBH” 
-- 

Quarterly,  
1Q 1996 – 2Q 2007 (E) 

Some quarters missing 
from record 

 

Compliance Issues and Community Concerns:  Some minor gas migration issues reported by site 
manager, fixed by improving wellfield operation.  Not of concern for some time. 
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FIGURE A-1 
Site A Physiographical Setting 
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FIGURE A-2 
Site A Layout and Features 
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FIGURE A-3 
Site A Geologic & Hydrogeologic Cross Sections 
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APPENDIX 2-1B 

SUMMARY – SITE B (GEORGIA)  

 

 

Overview 

Study WMU:  Site B is a single unlined WMU with approx. 26 acre footprint (although some 
earlier records report it as 20.2 or 20.8 acres) and constructed with about 90 ft max depth of 
waste.  The Title V Operating Permit Application dated 3/1997 states that the WMU has an 
estimated capacity of 1MM CY.  The WMU opened in 1983 and stopped receiving waste on 25 
June 1995.  WMI acquired the site in 1991. 

Property:  Site B is one of two permitted separate WMUs on the property, the other one is much 
larger (100 acres) and still active, having commenced operation in 3/1994 with a maximum 
permitted capacity of nearly 8MM CY.  The total property size is 742 acres, with 410 acres 
delineated in 1991 as jurisdictional wetlands.  The property is subdivided into two parcels: Parcel 
1 containing Site B is approx. 126 acres, while Parcel 2 comprises the remaining 616 acres, with 
100 acres developed for the non-study WMU, and the remaining 516 acres available for buffers, 
wetlands mitigation, soil borrow, and potential future landfill expansion areas. 

The physiographical setting of the property and study unit is shown on Figure B-1.  A stylized 
depiction of the site layout is provided as Figure B-2.   

Site Information 

Geologic and Hydrogeologic Setting:  A comprehensive Hydrogeologic/Geotechnical 
Investigation (H/GI) was prepared in 4/1992 for development of the new WMU on the property.  
This provides a review of regional geology and hydrogeology.  Generally, sands and clays 
(Satilla Formation) exist in the 0-10 ft above the water table, underlain by a 50-ft thick layer of 
quartz sand containing pebbles and gravel which forms the surficial aquifer (Cypresshead 
Formation).  Below that, three layers of clays, sandy clays, and sands (>200 ft thick) comprise 
the confining unit (Hawthorne Group) for the main productive aquifer, the Upper Floridian, 
comprising porous limestone.  This aquifer is the most productive in the area and supplies almost 
50% of the groundwater used in the state.   

Saturated Zone:  The H/GI describes a site-specific hydrogeologic study based on 41 soil borings 
and 13 test pits advanced in 1990-91.  17 borings penetrated to 30 ft bgl, five to 40 ft, and one to 
50 ft.  The uppermost sediments generally consist of sands containing variable amounts of clay 
and silt.  These sands are typically dark yellowish orange, reddish brown, and white in color.  
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The most distinctive unit within the surficial sediments is a layer of grey, soft, fat clay which 
ranges in elevations from 12.5 – -17 ft-msl and has a thickness of 0 – 28 ft.  The 4/1992 H/GI 
suggests the thickness of this clay unit varies from about 10-15 ft beneath Site B.  The clay layer 
is a locally effective confining unit where present.  However, the Groundwater Monitoring 
Program from 2/1993 indicates that Wells GWA-103, GWC-102, and GWC-104 were to be 
constructed in well pairs, with partner wells given a “D” suffix.  The well pairs were to be 
screened above and below a “fat, grey clay unit” in the permeable zone, but documentation of 
well constructed dated 4/1993 indicates that well pairing was not necessary because the clay unit 
was not encountered.  Where the clay layer is absent, and above and below this bed where 
present, fine to medium grained, poorly graded sand predominates.  The lithology of the unit so 
described is consistent with the Cypresshead Formation.  At elevations ranging from -7 – -38 ft-
msl, a grey to grayish olive green, dense, silty sand was encountered.  Borings penetrated to -73 
ft-msl without encountering the bottom of this unit, consistent with the lithology of the 
Coosawhatchie Formation of the Hawthorne Group.   

Boring Logs:  Boring logs from groundwater monitoring well installation are available for all 14 
GWMP wells.  Selected borings were used to develop three stylized cross sections in Figure B-3, 
supplemented with data from three borings from the H/GI in the vicinity of Site B (i.e., B-7L, B-
7S, and P-4). 

Hydraulic Conductivity:  In 7/1990, in-situ slug tests were performed at 5 locations for the 
landfill expansion, with reported values ranging from 1.65x10-3 to 1.82x10-5 cm/s.  Vertical 
hydraulic conductivity measured in laboratory tests on 18 undisturbed samples ranged from 
1.5x10-3 to 4.7x10-8 cm/s, with the lower values recorded in sands which contained some clay.  
In-situ horizontal conductivity tests were conducted on 13 piezometers in 1992, with reported 
values ranging from 7.53x10-3 to 3.51x10-5 cm/s.  Vertical hydraulic conductivities for the dense 
micaceous sand (3.1 x 10-8 cm/s to 9.8 x 10-8 cm/s) and clay unit (1.1 x 10-7 cm/s to 1.9 x 10-8 
cm/s) were calculated from consolidation data. 

Groundwater:  Groundwater elevations are regularly recorded during groundwater monitoring 
events and flow around the property is well characterized.  The surficial aquifer is locally 
recharged onsite in topographically higher areas, resulting in radial flow to the onsite wooded 
wetlands from a higher natural crest between the WMUs.  Flow under Site B is generally parallel 
to the W and S toes, varying in direction accordingly between these two boundaries.  Useful 
downgradient elevation data are available from 9 wells for the period 10/1991 through 3/2007.  
Useful upgradient elevation data are available from 4 wells for the period 4/1993 through 
3/2007.  Available GW potentiometric plots from 7/1995 through 12/2005 show little variation in 
the potentiometric surface or flow directions below Site B.  GW elevations in relation to the liner 
basegrades are summarized on Figure B-3.  Elevations range from 11-15 ft-msl in two proximal 
upgradient wells (GWBs) and 3-9 ft-msl in the four most proximal downgradient wells (GWCs).  
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This means that the min base of waste (10 ft-msl at downgradient toe) is consistently above the 
high GW elevation. 

Unsaturated (Vadose) Zone:  Summary details regarding the unsaturated zone are shown on 
Figure B-3, using information from the boring logs listed above.  Some additional details 
regarding soil properties, descriptions of soil cuttings, recovery rates, etc. are available but not 
summarized.  Vadose zone data were verified using information from a line of six passive gas 
vents (PV-1 through PV-6) installed between the WMUs in 1Q 1997 following detection of two 
VOCs in a GW monitoring well (GWC-13, a well for the active lined WMU but located in the 
valley between the two WMUs on the property), and subsequent fingerprint studies indicating 
these were due to gas migration.  The vents were advanced to depths of 12.5-14 ft, 6 in. below 
the GW surface encountered during drilling. 

Physiographical Setting:  The H/GI also describes the site in terms of physiographical setting 
(topography, surface water features, wetlands, soils, vegetation, climate, land use, and water 
use).  The natural drainage area for the site is a low lying swamp N of both WMUs.  The swamp 
is naturally wooded.  The nearest river to the site lies approximately 1300 ft E.  The 100-year 
flood plain for the river is defined as the 12 ft-msl elevation, encompassing the majority of the 
swathe of wetlands occupying the central portion of the property, N of the two WMUs.  The 
basegrades at the N and E toe of Site B are below the 100-year flood elevation.  However, 
surface topography separates the 100 year flood line from the toe of the landfill in this location. 

Potential Point(s) of Exposure:  Locations of on-site structures are known from site topo surveys, 
locations of off-site houses and other structures are estimated based on review of recent Google 
EARTH© map.  A local ordinance requires that all drinking water wells be screened in artesian 
aquifers; water from the surficial aquifer may only be used for irrigation and other agricultural 
uses.  In 1991, 10 domestic water wells were located within one mile of the proposed landfill 
expansion.  The locations of onsite (2), private (11), and public (2) wells near the site are 
provided on a map dated 1990 in the Groundwater Monitoring Program, dated 2/1993.  The H/GI 
gives wind direction data for 1986-1990 sourced from the Nat. Climatic Center, 1992.  There is 
no clear prevailing wind direction; 2/8 wind direction percentages are <10% (N, SW), 5/8 are 
<15%, and the max is 17.0% (S). 

Climate:  The H/GI gives mean monthly precipitation from 1931-60 as 2-4 in. (ONDJFMAM) 
and 5-7 in. (JJAS).  Mean monthly pan evaporation using 1986-90 data ranged from 2 in. (DJ) to 
over 9 in. (MJJ), meaning that evaporation routinely exceeds precipitation.  Composite monthly 
data from 1990 to 2007 compiled by NOAA indicate regional climatic conditions of 45-63-in. 
mean annual precipitation and 60-70 °F mean annual temperature. 

 

 

Appendix 2-1 SITE B.doc  B-3                 3/16/2011 



Geosyntec Consultants 

 

Waste Placement and Operations 

General:  The earliest available (11/1986) set of design plans (for vertical expansion of Site B) 
show waste is to be placed in six 10-ft lifts, with 1-ft of int. soil cover between lifts.  A NS cross 
section shows existing filling had mostly occurred at N end of WMU, already up to Lift 6.  The 
plan was then for filling to start at the S end, to meet at the center.  The total design capacity of 
the WMU at this stage was 922,400 CY, comprising 614,900 CY MSW + 307,500 CY cover 
soil.  Life expectancy = 15 years.  6-in. of daily cover is to be placed. 

A revised (3/1994) set of design plans (also for vertical expansion of Site B) provides some 
operations details which assume waste intake of 350 TPD.  The total remaining capacity given at 
this stage is 231,940 CY (MSW + cover soil), or 199,670 CY (MSW only), providing additional 
life expectancy of 1 year.  Again, 6-in. of daily cover is to be placed with 12-in. of int. cover 
required where any area is inactive for one month. 

Waste Placement Data:  Available from the Title V Operating Permit Application dated 3/1997.  
The site operated between 1983 and 1995.  Annual waste placement from 1991 through 1993 is 
known, waste placement from 1983 through 1990 is estimated at 28,600 tpy.  Waste placement 
in 1994 and 1995 is estimated from final capacity, assuming airspace utilization of 0.6 TPCY.  
Total estimated capacity is 1,058,600 CY. 

Waste Composition:  Mostly unknown.  All 17 gas well (and 3 attempted leachate sampling) 
boring logs from 7/1999 wellfield installation indicate mostly dry, occasionally damp “HHT”, 
with occasional hits of soil, wood, tires, metal (all dry or damp). 

Closure and Post-Closure (C/PC) Plan 

The 11/1986 design plans provide a C/PC Plan, mostly concerning sequencing of closure and PC 
events, nothing of real value is shown or discussed.  The PC use of the landfill is intended as a 
“passive recreational area.”  Three downgradient groundwater monitoring wells (GWM) wells 
were to be installed (no date is specified).  The layout of the GWM well networks was to be 
analyzed and possibly revised every 5 years.  Methane monitoring was required in all on-site 
structures and at marked locations at min. 200-ft spacing along the WMU toe using barhole 
probes.  Cover is to be inspected monthly through the end of the 5th year of PC, then quarterly 
through the end of the 10th year.  Site access control was to be provided.  The revised 3/1994 
C/PC Plan includes maintaining integrity of cover and quarterly monitoring of 9 GWM wells and 
9 methane migration monitoring (MMM) probes.  Total cost is estimated at $2.2MM, with 
$1.7MM for GWM and $72k for MMM. 

The Final Closure Report for Site B was submitted to the State in 2/1996, certifying that final 
cover test results meet Subtitle D requirements as per the 3/1994 design.  The site closure 
certificate was issued by the State in 7/1996.  PCC is required for “…at least 30 years after the 

Appendix 2-1 SITE B.doc  B-4                 3/16/2011 



Geosyntec Consultants 

 

Director has issued the closure certificate.  The period may be extended by the Director where 
necessary to adequately protect human health and the environment.”   

End Use Strategy 

The development plans for the expansion WMU on the property (6/1992, rev 12/1992) propose 
that “…upon completion of operations, the facility will be maintained as a closed landfill with 
vacant grassed land, ponds, and wetlands.  The facility will be maintained as a suitable wildlife 
habitat.”  An approximately 100-acre onsite borrow area will be restored as approximately equal 
areas for a lake and wetland migration area (as shown on Figure B-2). 

WMI has applied to participate in the Wildlife Habitat Council (WHC) “Wildlife at Work” 
program at the property.  The application form states that over 400 acres on the property are 
available for wildlife management, with approximately 115 acres of constructed and natural 
wetlands.  A high diversity of wildlife and wetland bird species are frequently observed, 
especially on the large area of reclaimed wetlands on the SW area of property.  In 2007 and 
2008, winter and spring surveys of wildlife classes (vascular plants, birds, mammals, reptiles, 
amphibians, fish, insects and arachnids, and crustaceans) in different habitats (wetlands, open 
water, hardwood forests, fields/meadows, and bare soil with pioneer vegetation) were scheduled 
to be conducted. 

Liner System 

Design:  There is no engineered liner, and no details are provided as to what, if any, preparation 
of subgrades was conducted prior to waste placement.  The 11/1986 design plans refer to the 
base elevation simply as “existing ground surface.”  The design plans show a basegrade low 
point running along the entire length of the NE and E toe of the WMU at approx. 10 ft-msl.  The 
toe was constructed by excavating a toe berm, 2-ft deep and piled 2-ft high, such that top of berm 
is at 12 ft-msl.  The opposite (upslope) elevation along the W toe is approx. 22-25 ft-msl with no 
toe berm, just a perimeter ditch outside the limit of waste.  A slight NS slope runs across the base 
from approx. 25 ft-msl at N toe to 15 ft-msl at S tow; again, no toe berms were constructed at the 
N or S toes.  Based on review of groundwater elevations (see Figure B-3), the WMU basegrades 
are consistently above high groundwater level. 

CQA and Construction Records: N/A 

As-Built Drawings: N/A 

Leachate Management System 

Layout and Design:  There is no leachate collection, transmission, treatment, or disposal system. 

CQA and Construction Records: N/A 
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As-Built Drawings: N/A 

Leachate Generation Rate:  N/A 

Leachate Recirculation and/or Disposal:  N/A 

Leachate Sampling and Data:  An attempt was made to drill for leachate samples in 7/1999 at 
same time as the wellfield was being installed.  Three borings (EW-L1 through EW-L3) were 
advanced through the waste, all to a depth of 50-ft.  It is understood that no free leachate was 
recovered as the waste was too dry.  However, the electronic GW data set for Site B includes 
unidentified sample location L-1, with 3 sampling events between 2/2002 and 9/2006 for 151 
analytes, incl. BOD and COD but not chloride.  This may represent leachate sampling, but is not 
a reliable source of data. 

Leachate Data (Electronic) – UNCONFIRMED 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride COD BOD 

Vertical Well,  
L-1 

3 
2/2002, 
9/2006 

151  Y Y 

 

Compliance Issues and Community Concerns:  None reported. 

Cover System 

Design:  The 11/1986 design drawings show 3-ft cover soil on side slopes and 2-ft cover soil on 
the WMU crest.  Cover was to be “uniform compacted clean earth.”  The max design elevation 
shown was 65-70 ft-msl, sloping E to W with SW-orientated stormwater interceptor berms.  The 
revised 3/1994 plans show higher final grades (max crest elevation is 108 ft-msl), an access road, 
and stormwater management features (benches, culverts, downdrains, channels).  The final cover 
design cross section is min 18-in. recompacted soil (10-5 cm/s) overlain with min 6-in. vegetative 
support soil.  The slope is shown as “varies,” suggesting a common cross section across all side 
slopes and the crest.   

CQA and Other Construction Records: The Final Closure Report (FCR) for Site B was submitted 
to the State in 2/1996, certifying that final cover test results meet Subtitle D requirements as per 
the 3/1994 design.  The sequencing of cap certification took place over 4 years.  Cover soil 
testing was conducted using Shelby tubes (for laboratory testing of hydraulic conductivity) and 
hand auger borings (to verify soil depth).  Between 1992 and 1994, the cap thickness was 
measured at 20 locations and exceeded 30-in. at all locations.  In 1993, cover soil samples were 
collected at another 8 locations across 8 acres on the lower final cover slopes.  All recovered soil 
samples were classified as “grey, clayey fine sand (SC).”  Laboratory results indicated 
permeabilities of 5.9 – 1.1 x10-8 cm/s.  The thickness of the clay layer was reported as greater 
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than 2.5 ft at all locations.  The FCR also gives cover soil hydraulic conductivity results from a 
further 12 sample locations across final sections of the upper cover area, with results ranging 
from 3.3x10-6 to 2.6x10-8 cm/s (based on falling head permeability tests).    The thickness of the 
cap was measured at 48 locations and exceeded 30-in. at all locations.  Closure certification was 
issued by the State in 7/1996.  

All 17 gas well (and 3 attempted leachate sampling) boring logs from 7/1999 wellfield 
installation indicate cover consists of 2-ft of damp to dry “black dirt” underlain by 3-ft of dry 
“clay.” 

As-Built Drawings:  An as-built final contour map dated 2/1996 is provided in the FCR, based 
on a 12/1994 aerial survey supplemented with a 1/1996 ground survey of higher elevations on 
landfill.  The max crest elevation shown is 104 ft-msl.   

Topographic Surveys:  A number of electronic aerial topo surveys flown between 2003 and 2007 
are available.  The max crest elevation shown on a recent (3/2007) topo is approx. 95 ft-msl, 
suggesting 9 ft of settlement in 11 years through a maximum depth of waste of about 90 ft (i.e., 
104 ft – 15 ft), or about 10% of max waste depth.   

Cover Monitoring and Maintenance:  The cover is regularly mowed and all gas collection and 
control system (GCCS) components except wellheads are buried.  Monthly Title V wellhead 
monitoring program includes visual inspection of cover vegetation and erosion.  Occasional 
settlement around well shafts, minor downslope erosion gullies, and occurrence of small bare 
areas has been reported, but nothing significant.  According to site manager, all minor cover 
issues are promptly repaired.  Quarterly surface methane monitoring scans since 2001 have 
revealed a slight excess around one well on one occasion (2Q 2003).  Surface scan data 
availability are listed in the section discussing the GCCS. 

Compliance Issues and Community Concerns:  None reported. 

Landfill Gas Control System 

Active Gas Control System:  Installation of a network of 17 wells, EW-1 through EW-17, was 
completed in 7/1999.  There are no plans to extend the GCCS in the future.  The landfill GCCS 
was installed as part of NSPS requirements for the expanded facility.   

Gas Utilization:  None.  LFG from both WMUs is flared at a single location. 

Passive Gas Vents:  Six out-of-waste vents installed to mitigate gas to GW impacts, 1Q 1997. 

Construction Details and As-Built Drawings:  As-built information for the active GCCS is 
provided on a single sheet dated 9/1999. The well schedule is provided, with well bore depth 
varying from 27-68 ft.   
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Landfill Gas Data:  Monthly Title V wellhead monitoring is performed at all 17 wells and 6 
vents.  Total flow to the flare is recorded daily and ranged from 450-550 scfm between 1/2001 
and 1/2003 and 400-250 scfm between 1/2004 and 4/2004. 

Landfill Gas Data (E = Electronic, P = Paper) 

ITEM Flow Composition Notes 

Wellheads, 
EW-1 – EW-17 

Total to flare, intermittent 
monthly records 2001-04 

(P) 

Monthly, incomplete  
1/2000 – 7/2004 (P) 

8-10/2007 (E) 
 

Gas Vents,  
PV-1 – PV-6 

N/A 
Monthly, incomplete 
1/2000 – 7/2004 (P) 

 

Surface Scans N/A 
Quarterly, incomplete 

1Q 2001 – 2Q 2003 (P) 
Methane content only 

 

Compliance Issues and Community Concerns:  Gas impacts to GW have occurred, see discussion 
in GW section. 

Groundwater Monitoring System 

Layout:  Three WMU-specific upgradient wells exist: GWA-101 (distal), GWA-102 and GWA-
103 (both proximal, and more accurately described as side gradient wells), plus two wells 
designated GWB-112 and GWB-112 (both proximal) between the two WMUs, upgradient or 
side gradient of Site B but potentially downgradient of the E toe of the other WMU.  GWB-112 
and GWB-113 were installed in 11/2002 in response to a State request to monitor potential gas 
impacts to GW in that vicinity.  Six downgradient wells exist: GWC-101 through GWC-106, all 
proximal.    

Monitoring Program:  The Groundwater Monitoring Program (GWMP) from 2/1993 indicates 
that Wells GWA-103, GWC-102, and GWC-104 will be constructed in “well pairs,” with partner 
wells given a “D” suffix.  The well pairs were to be screened above and below a “fat, grey clay 
unit” in the permeable zone.  However, documentation of well constructed dated 4/1993 
indicates that well pairing was not necessary because the clay unit was not encountered.    
Upgradient monitoring of GWA-101 ceased in 3/2003 and was replaced from 10/2003 with 
GWA-2, an upgradient well for the new WMU.  The monitoring frequency is semi-annual. 

The 11/1986 design plans show three downgradient GW wells (detail provided), but in different 
locations to any currently existing wells.  These historic wells (MW-1 to MW-3) are referred to 
in the 4/1992 H/GI Report which states they are screened in the surficial aquifer and to be 
replaced in 1992.  These wells were to be slotted to 20 ft below the GW table and to be 
monitored on semi-annual basis for COD, pH, chlorides, conductance, temp, iron, color true 
APHA, turbidity, BOD5, TSS, TDS, nitrates, and fecal coliform. 
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Construction Details:  Boring logs and well development details are available for all wells except 
MW-1 to MW-3.    The GWMP from the revised 3/1994 design plans shows the location of all 
wells designated “A” or “C” and states that all GW wells in the surficial aquifer are “screened 
above clay zone.”  

Groundwater Data:  A summary of analytical data is provided in the table below.  Data are 
available for all parameters for which monitoring is required by the State.  

Groundwater Data (Electronic) 

ITEM 
No. Wells, 

Monitoring 
Events 

Start, End 
Dates 

Total No. 
Analytes 

Chloride   

Upgradient, distal 
GWA-101 

1, 23 
4/1993, 
3/2003 

98 Y   

Upgradient, distal 
GWA-2 

1, 6 
10/2003, 
9/2007 

98 Y   

Upgradient, proximal 
GWB-112 – GWB-113 

2, 4 
3/2006, 
9/2007 

84 Y   

Crossgrad., proximal 
GWA-102 – GWA-103 

2, 25 
4/1993, 
3/2003 

98 Y   

Downgrad., proximal 
MW-1 – MW-3 

3, 4 
10/1991, 
3/1993 

5 Y   

Downgrad., proximal 
GWC-101 – GWC-106 

6, 34 
4/1993, 
9/2007 

123 Y   

 

Compliance Issues and Community Concerns:  Following detection of two VOCs in a GW 
monitoring well (GWC-13, a well for the active lined WMU but located in the valley between 
the two WMUs on the property), and subsequent fingerprint studies indicating these were due to 
gas migration, a line of six passive gas vents (PV-1 through PV-6) was installed between the 
landfills in 1Q 1997.  The vents were advanced to depths of 12.5-14 ft, 6 in. below the GW 
surface encountered during drilling.  An installation report for the passive vents was provided in 
2/1997. 

In 3/2000, low levels of vinyl chloride were detected and subsequently verified in GWC-12 (a 
well for the new WMU).  Because of the proximity of this well to GWC-13 and to Site B, it was 
believed that landfill gas was also affecting this well.  In 4/2001, a report was submitted to the 
State with a request to abandon and remove the two wells, GWC-12 and GWC-13.  In a 4/2002 
letter, the State approved abandonment, but required replacement wells GWB-112 and GWB-
113 be installed between the WMUs and monitored under the GWMP for Site B.   
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A VOC detection in GWB-112 occurred in 3/2007, verified in 9/2007.  This is again likely due 
to gas migration, but has triggered development of an Assessment Monitoring plan (in 
preparation).  The VOC concentration in question is three orders of magnitude below the MCL. 

Surface Water Monitoring System 

Locations:  There are two reported monitoring locations, SW-1 and SW-2, both distal.  SW-1 is 
immediately outside the E property boundary at outflow of a culvert under a public road draining 
from the natural wetland/woodland system downgradient of Site B.  SW-2 is the outflow from 
the large on-site stormwater management (SWM) pond, upgradient of both Site B and the natural 
wetland/woodland system draining to SW-1.  SW-2 is shown on the 3/1994 design plans, but 
SW-1 is not.  However, recent monitoring maps show SW-1 but not SW-2, suggesting that SW-2 
is no longer actively monitored. 

Monitoring Program:  Monitoring frequency is annual, in conjunction with GW. 

Surface Water Data:  Available data from the electronic GW database is summarized in the table 
below.  No data for SW-1 is included in the database. 

Surface Water Data (Electronic) 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride COD BOD 

Downgrad., distal 
SW-2 

16 
4/1993, 
7/1997 

57 X   

 

Compliance Issues and Community Concerns:  None reported. 

Methane Migration Monitoring System 

Layout: The original MMM Plan (dated 10/1992) states that monitoring began in 3Q 1991 at 27 
barhole probe locations.  A map shows barhole locations spaced approximately equal around the 
perimeter of the landfill.  Nine permanent monitoring probe locations, GP-1 through GP-9, all 
proximal and installed at approximately equal spacings around the perimeter of Site B, are 
shown on the 3/1994 design plans.  The total depth and screened depth of the probes are not 
known. 

Monitoring Plan and Data:  MMM is required quarterly.  The first recorded monitoring event 
found for on-site structures and the barhole probes was 3Q 1991.  The barhole probes were used 
through 3Q 1993.  Some methane hits were recorded during each monitoring event, with values 
occasionally reaching 60-70% methane.  Gas migration monitoring data from GP-1 through GP-
9 and in on-site structures has been conducted on a quarterly basis since 4Q 1993.  Occasional 
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hits of methane, generally at less than 4% by volume, have occurred at some wells, none in 
structures. 

Methane Migration Monitoring Data (E = Electronic, P = Paper) 

ITEM Start, End Frequency Notes 
Perm. Probes, 
GP-1 – GP-9 

4Q 1993, 3Q 2006 Quarterly P, incomplete 

Barhole Probes, 
BP-1 – BP-27 

3Q 1991, 3Q 1993 Quarterly P, incomplete 

 

Compliance Issues and Community Concerns:  Gas impacts to GW have occurred, see section on 
GW. 
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FIGURE B-1 
Site B Physiographical Setting 
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FIGURE B-2 
Site B Layout and Features 
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FIGURE B-3 
Site B Geologic & Hydrogeologic Cross Sections 
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APPENDIX 2-1C 

SUMMARY – SITE C (OKLAHOMA)  

 

 

Overview 

Property:  The original MSW landfill operating permit is dated 11/1986; the 62-ac., six-phase 
landfill began accepting waste in 11/1987.  The 3/1999 Title V permit application lists the design 
capacity of the landfill as 6.5Mcy, excluding final cover.  A pre-existing 70-ac RCRA facility 
dating from 1975-1987 is also present on the property, E of the MSW landfill.  The original 
MSW landfill capacity has been significantly increased twice: (i) in 2002, when a permit 
application to fill the valley between the MSW landfill and RCRA landfill was prepared; and (ii) 
in 2007, when a lateral expansion for MSW landfill operations to a 45-ac area N of the RCRA 
cell was prepared, expanding the waste disposal area from 87-ac to 132-ac and the landfill permit 
boundary from 102-ac to 160-ac (although the 3/1999 Title V permit application lists the total 
property size as 270-ac).  The new total design capacity of the landfill is 18.46Mcy. 

Study WMU:  The study WMU comprises four pre-Subtitle D units (Phase I – IV) with footprint 
area of approximately 47-ac.  The current maximum elevation of the study WMU is about 1,290 
ft-msl, the toe is at about 1,150 ft-msl. 

The physiographical setting of the property and study unit is shown on Figure C-1.  A stylized 
depiction of the site layout is provided as Figure C-2.   

Site Information 

Geologic and Hydrogeologic Setting:  A detailed Subsurface Investigation and Groundwater 
Study (SIGWS) report was completed in 8/2007 as part of a 45-ac lateral expansion permit 
application.  Hydrogeologic cross sections are provided on Figures C-3 and C-4. 

Regional Stratigraphy:  The site is in the area of the Cherokee Platform geologic structural 
province.  The dominant sediments are the middle to upper Pennsylvanian-age Desmoinesian, 
Missourian, Virgilian, and Gearyan series, and Permian-age Cimarronian series.  Within a ten 
mile radius of the site, the Sumner and Hennessey groups are dominant.  The lithologies of these 
groups are largely reddish-brown to orange brown sandstones, shales and siltstones.  The 
Simmer Group was deposited in a deltaic environment by east to west flowing streams that 
extended into western Oklahoma and Texas.  Regionally, the Sumner Group is approximately 75 
percent sandstone, but to the north and south, the ratio of sandstone to shale decreases as the 
deltaic deposits inter-finger with and grade into marine deposits.  The Sumner Group is 
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comprised, from oldest to youngest, of the Wellington and Garber formations.  The Hennessey 
Group overlies the Sumner Group and is comprised, from oldest to youngest, of the Fairmont 
Shale, Kingman Siltstone, Salt Plains Formation, and Bison Formation.  Underlying the Sumner 
Group are the early Permian-age, Chase, Council Grove, and Admire groups, while overlying the 
Hennessey Group is the Cimarronian-age El Reno Group. 

Quaternary Alluvium and Terrace Deposits – The landfill is located on an area of mapped 
Quaternary alluvium along a large named river.  The alluvial deposits underlying the landfill 
consist of sand, silt, clay, and lenticular beds of gravel deposited in the recent flood plain of the 
river.  The alluvium is Holocene in age and is located approximately 5 to 10 feet above the 
modern flood plain of the river.  The thickness of the alluvium is reported to range from 30 to 
100 feet.  Pleistocene-age terrace deposits are also located immediately above and adjacent to the 
modern flood plain.  The terrace deposits consist of lenticular beds of sand, silt, clay and gravel.  
The terrace deposits are reported have a thickness of 20 to 100 feet, but average approximately 
50 feet.  

 

RIVER 

Hennessey Group – This group overlies the Garber Formation and acts as a confining unit for the 
Garber-Wellington Aquifer where the aquifer is fully saturated.  It is reported that confined 
conditions due to the Hennessey Group generally begin approximately 4 miles west of the 
Hennessey-Garber contact outcrop.  The Hennessey Group is not present at the landfill, but can 
be encountered on nearby hilltops to the west (see above figure).  The Hennessey group is 
described as primarily a reddish-brown shale and siltstone with local lenticular beds of fine to 
very fine-grained sandstone and sandstone conglomerate.  Some reports designate the Hermessey 
as a formation instead of a group due to the inability to map previous group subdivisions on a 
regional basis.  The thickness of the Hennessey Group is reported to range from 0 to 60 feet. 

Garber Formation – This is the youngest formation in the Sumner Group.  The formation’s 
contacts with the underlying Wellington Formation and overlying Hennessey Group, where 
present, vary from conformable to gradational.  In the vicinity of the landfill, the Garber 
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Formation is unconformabley overlain by Quaternary alluvial and terrace deposits.  The Garber 
Formation reportedly ranges between 150 to 400 feet or more in thickness in the vicinity.  The 
Garber Formation is described as a mostly fine-grained, moderate reddish-brown to moderate red 
sandstone with some shale and siltstone, and minor conglomerate. 

Wellington Formation – This formation underlies the Garber Formation and is the oldest 
formation in the Sumner Group.  The Wellington Formation is described as red-brown to orange-
brown shale and mostly fine to very fine-grained sandstone with maroon mudstone and chert 
conglomerate.  The Wellington Formation ranges between 150 to 500 feet in thickness in the 
vicinity of the site.  Regionally, the Garber and Wellington formations have very similar 
lithologies and can be difficult to distinguish from one another.  Some reports do not differentiate 
between the two formations because detecting the subsurface contact between the two is virtually 
impossible.  According to others, the principle difference between the Garber and Wellington 
formations is grain size.  The Wellington Formation is typically finer grained than the Garber 
Formation; however, the basal section of the Garber tends to be finer grained than the upper 
sections. 

Site Stratigraphy:  The landfill is located upon Holocene-age river alluvium deposits.  These 
deposits consist of clay, silt, sand and gravel that have been deposited in channels and on modern 
floodplains to a reported thickness of up to 40 feet.  Unconformabley underlying the alluvium 
deposits is the Permian-age Garber Formation.  This contact is not exposed at the surface within 
the proposed permit boundary.  The following site-specific, hydrostratigraphic units were 
developed for the 8/2007 SIGWS based on a 2005 site investigation supplemented with data 
from nine earlier studies.  The individual units have classifications based on lithologic 
characteristics and hydrogeologic functionality. 

Surface Sand Unit (SSU) – Subsurface investigation boreholes penetrated 18 to 36 feet of a dark 
brown to tan SSU at the near surface.  The unit consists primarily of unconsolidated, fine to 
coarse sand that is angular to sub-rounded quartz and feldspar grains.  Seams of clay, sandy clay, 
and clay clasts are somewhat common within 10 feet of the ground surface, and are uncommon 
below 10 feet.  The clay seams and clasts are typically soft to firm and plastic.  The sandy clay 
seams are typically hard and slightly plastic to non-plastic.  A basal fine to very coarse gravel 
was encountered immediately above the underlying Lower Consolidated Unit in eight subsurface 
investigation boreholes.  The gravel is typically angular to subrounded, quartz and feldspar.  
Grain size typically ranges from fine to coarse gravel, though some cobble-size grains were 
encountered.  Overall, the SSU displayed a fining upwards sequence across the landfill area.  The 
SSU is dry at the surface, becoming saturated at a depth of 2 to 11 feet below the surface.  This 
uppermost saturated zone is unconfined in the expansion area. 

Lower Consolidated Unit (LCU) – Site exploration boreholes penetrated 2 to 21 feet of a LCU 
that is continuous across the landfill area.  This unit consists of reddish-brown or reddish-brown 
and tan-banded sandstone and shale.  The sandstone is composed of very fine to fine rounded 
grains and is often silty and/or clayey.  The shale is silty and/or sandy and varies from plastic to 
non-plastic.  The upper 6 to 10 feet of this unit is weathered.  Both the sandstone and shale in this 
unit are very moist and saturated.  Although saturated, the LCU acts as a lower confining unit to 
the SSU uppermost saturated zone due to its much lower hydraulic conductivity.  Mean 
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hydraulic conductivities derived from slug test and geotechnical laboratory measurements 
indicate groundwater travels 160 times faster through the SSU than the LCU.  None of the 
subsurface investigation borings penetrated the entire LCU thickness, although borings have 
penetrated to as much as 139 ft-bgl. 

Saturated Zone:  The uppermost aquifer occurs in the SSU (which is continuous beneath the 
permit boundary) and is unconfined.  A general coarsening downward of sediments is indicated 
by increased porosity.  The LCU is saturated and is largely comprised of dense sandstone with 
thin interbedded shales.  Field observations during drilling campaigns in the expansion area 
indicated a defined shale layer in 7/10 borings at or very near the surface of the LCU but that this 
layer varied in thickness and is not continuous.  Therefore, the LCU’s groundwater is also 
unconfined.  No perched groundwater zones have been observed. 

Boring Logs:  The 8/2007 SIGWS lists 10 subsurface investigations conducted between 1979 
and 2005.  Boring logs are available.  Gamma ray and resistivity, duel induction, and 
compensated geophysical logs were collected from four monitoring well borings for the RCRA 
facility in 1994.  Additional gamma ray and neutron geophysical logs were obtained from six 
boring in 2005 for the 2007 expansion area.  The geophysical logs verified the subsurface 
characteristics presented in lithologic logs.  Hydrogeologic cross sections are provided on 
Figures C-3 and C-4. 

Hydraulic Conductivity:  Computations of hydraulic conductivity based on slug tests and 
laboratory analyses performed in 2005 on the Surface Sand Unit (SSU) and Lower Consolidated 
Unit (LCU) at the expansion area and yielded the following results: 

SSU: Six slug tests.  Max k = 4.66 x 10-3 cm/s, Min k = 1.08 x 10-3 cm/s, geometric mean = 2.16 
x 10-3 cm/s. 

LCU: One slug, seven laboratory tests.  Max k = 5.4 x 10-4 cm/s, Min k = 1.3 x 10-8 cm/s, 
geometric mean = 8.5 x 10-6 cm/s. 

Groundwater:  The OWRB classifies the landfill vicinity as favorable for development of 
groundwater supplies.  According to the OWRB, the groundwater in this area is present in the 
Garber-Wellington and alluvial aquifers.  According to the Oklahoma Geological Survey’s 
Hydrologic Atlas No. 4, typical Garber-Wellington Aquifer yields are 150 to 300 gallons per 
minute in the landfill area and less than 50 gallons per minute for alluvial aquifers.  
Reconnaissance of nearby water resources indicates that there are six water wells within five 
miles of the landfill that have been utilized for studies regarding the availability and chemical 
quality of groundwater.  The studies’ wells range from 200 to 800 feet in depth and are 
completed in the GarberWellington Aquifer.  These wells typically yield good quality 
groundwater.  The chemical data from these wells indicates the groundwater has slightly elevated 
calcium, magnesium, and bicarbonate (relative to other measured constituents).  In this area, the 
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Garber-Wellington groundwater typically has a total dissolved solids concentration of less than 
300 parts per million. 

Groundwater potentiometric maps indicate a bi-directional horizontal groundwater flow (which 
may be seasonal), majorly from S to NW and minorly from S to NE.  The potentiometric surface 
appears to largely mirror the LCU topography.  Increased friction in the more compacted LCU 
results in the loss of hydraulic head as groundwater moves slowly through the unit.  For this 
reason, the unit’s potentiometric surface is above the top of the LCU, but below the SSU 
potentiometric surface.  Recharge to the SSU occurs via infiltration of precipitation and surface 
runoff.  The LCU is believed to recharge from downward migration from the SSU.  

The site’s average hydraulic gradient, as measured in the vicinity of wells MW-14R and MW-
225A is 0.00095 ft/ft.  Vertical flow computation based on geometric mean potentiometric head 
difference between 12/2005 and 1/2007 at well cluster MW-226GW and MW-225A at the N 
boundary of the expansion area yields a slight downward flow from the SSU to LCU of 0.185 
ft/ft. 

Unsaturated (Vadose) Zone:  See hydrogeologic description of deposits above the water table, 
the average elevation of which varied from 1,136 ft-msl to 1,146 ft-msl in the seven GW 
monitoring wells between 1992 and 2006.  The ground surface ranges from 1,150 ft-msl (S of the 
study WMU) to 1,163 ft-msl (N of the study WMU). 

Physiographical Setting:  The surrounding land area is zoned agricultural and agricultural plus 
sand/gravel mining.  Land use of the adjacent properties is mostly undeveloped woodlands and 
pasture areas with a sand mining operation to the S.  Resident and business areas are not located 
particularly close to the site.  There are no jurisdictional wetlands located within the property.  

Potential Point(s) of Exposure:  A review of the ODEQ and OWRB online water resource 
databases was completed in February 2007.  Water resources in the area are supplied from 
groundwater and surface water sources (the named river and three reservoirs).  The ODEQ 
surface water intake database indicated two surface water supply intakes are located within four 
miles of the site, but none are located within 3.0 miles downstream of the facility.  The flood 
map for the area shows that the 100-yr flood plain for the river extends across the majority of the 
landfill; however, the waste disposal areas are/will be protected by a perimeter berm to provide 
at least 3 ft of freeboard between the 100-yr flood elevation and the top of the berm.   

Water wells are common in the area; according to the ODEQ, 14 public water supply wells are 
located within two miles of the proposed permit boundary. None of these wells are located down 
Garber groundwater gradient from the landfill.  The regional Garber Formation groundwater 
gradient dips toward the west.  The OWEB water well database indicates there are 39 private 
(domestic) water wells within 1.0 miles of the proposed permit boundary. There are no on-site 
water wells.  The uppermost aquifer in the site vicinity occurs in alluvial sediments.  This 
groundwater flows to the northwest toward the river, where it is expected to discharge.  Based on 

Appendix 2-1 SITE C.doc  C-5                 3/16/2011 



Geosyntec Consultants 

 

this flow direction, all but one of the private water wells is located up gradient or west of the 
expected river discharge area.  One reported domestic water well is located about 3,500 feet N of 
the landfill in an area between the landfill and the river.  The OWRB listing contained no 
information regarding the well’s producing formation or water quality.  Based on the listed 120-
foot well depth, the well likely produces from the Garber Formation.  As such, this well is in a 
largely side gradient location with respect to regional Garber groundwater flow. 

Climate:  According to the Oklahoma Climatological Survey (OCS), the average annual rainfall 
at a meteorological station located 17 miles W of the landfill over the last 30 years is about 36 in.  
An onsite weather station exists. 

Waste Placement and Operations 

General:  The 11/1986 permit application estimates waste acceptance of 3,275 cy/d with 
estimated site life of 7.7 years assuming a maximum landfill elevation of 1,220 ft-msl.  The 
waste stream for disposal in 2006 was estimated at 1,600 tpd for 286 days of operation per year. 

Waste Placement Data:  A 6/1997 GCCS design calculation provides waste placement data for 
the landfill from 1987 to 1996 (cumulative 2,766,377 Mg), with estimated placement through 
2001 (when the originally permitted capacity of 5.22MMg would have been placed).  The 3/1999 
Title V permit application provides waste placement data for the landfill from 1987 to 1998 
(cumulative 2,745,369 Mg), with estimated placement through 2006 of 4.37MMg.  A 6/1997 
topographic survey is available showing most airspace consumption to that date had occurred in 
the study WMU.  This, it is a reasonable assumption that all waste placed through 1997 was in 
the study WMU.  However, the maximum crest elevation in the study WMU in 6/1997 was 
approximately 1,250 ft-msl, this had increased to 1,290 ft-msl by 1/2006 (i.e., and additional 
unknown quantity of waste has been placed in the study WMU). 

Waste Composition:  No details are available beyond “MSW.”  Boring logs from installation of 
13 gas wells in 2000 give brief details of waste encountered, mostly listing the material as 
degraded HHT, dry-damp, with some dirt. 

Closure and Post-Closure (C/PC) Plan 

The most recent C/PC Plan for the landfill is contained in the 8/2007 expansion permit 
application.  The plan is typical of a Subtitle D site with no special requirements identified.  
Monitoring and maintenance conditions include the final cover, SWM system, LMS, GWMS, 
SWMS, MMMS, and site security and access controls.  An annual PCC report is required to be 
submitted to ODEQ. 
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End Use Strategy 

No specific end uses for the property are contained in either the original 11/1986 permit 
application or in subsequent expansion applications.  However, a strategy to turn the property 
over the local government for use as a park is being considered. 

Liner System 

Design:  The pre-Subtitle D liner system in the study WMU comprises 2-ft. of compacted clay 
over the entire base and sideslope of the landfill.  The 11/1986 permit application states the 
minimum liner coefficient of permeability is 1 x 10-7 cm/s.  

12/1985 design drawings show that the liner basegrades in the study WMU are sloped according 
to a diamond grid with three high and low points located along a centrally dividing N-S line 
(max elevation 1,151.7 ft-msl, min elevation 1,149.2 ft-msl) and approximately equally spaced 
between LCS-6 and LCS-3.  All drainage is towards the perimeter of the study WMU.  Liner low 
points (nominal elevation 1,148 - 1,147 ft-msl) are located around the perimeter where the six 
sumps are located.   

CQA and Construction Records: N/A 

As-Built Drawings: N/A 

Leachate Management System 

Layout and Design:  There are six leachate collection sumps in the study WMU, LCS-1 through 
LCS-6.  12/1985 design drawings show sump elevations at 1,147 to 1,148 ft-msl (consistent with 
liner basegrades shown in 8/2007 permit application).  A 3-ft thick sand “granular drainage 
blanket” exists over the entire basal and sideslope liner (the 11/1986 permit application states 
that is overlain with a 2-ft protective soil layer, but this is not shown on design drawings).  
Leachate collection trenches (6-in. perforated SDR 11 HDPE or Sch. 80 PVE pipe in geotextile 
wrapped gravel V-shaped trenches at the base of the 3-ft drainage sand) run E or W from the 
central low points to sumps and along the perimeter to sumps at slopes of 0.2% to 1.0%.  All 
sumps are pumped to a central storage pond (200,000 gal.) serving Phases I – VII (Phase VIII 
leachate is routed separately to an adjacent 80,000 gal. tank).  Leachate from the pond is batch 
discharged to POTW (via forcemain?) when the pond is full.  According to limited site records 
from 9/2003 to 11/2007, this has occurred 5 times in that period (indicating an average 1M gal. 
of leachate was generated in these seven phases over four years). 

CQA and Construction Records: N/A 

As-Built Drawings: N/A 
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Leachate Recirculation:  Not practiced historically, as leachate disposal costs are very low.  
However, recirculation at the working face in the valley fill and new expansion areas is included 
in the 8/2007 permit application.  No recirculation over pre-Subtitle D areas is permitted. 

Leachate Generation Rate:  Not routinely measured, but see comment above. 

Leachate Sampling and Data:   

Leachate Data (Electronic) 

ITEM 
No. Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride COD BOD 

LCS-1 13 
3/1992, 
9/2004 

99 Y Y Y 

LCS-2 14 
3/1992, 
8/2006 

99 Y Y Y 

LCS-3 14 
3/1992, 
8/2006 

99 Y Y Y 

LCS-4 14 
3/1992, 
8/2006 

99 Y Y Y 

LCS-5 14 
2/1993, 
8/2006 

99 Y Y Y 

LCS-6* 0      

POND 9 
7/1996, 
8/2006 

175 Y Y Y 

* It is not clear whether LCS-6 was ever constructed as intended. 

Compliance Issues and Community Concerns:  None reported. 

Cover System 

Design:  Currently, the study WMU is interim-capped with 12-in of sandy loam.  Sideslopes are 
4H:1V, the maximum slope on the top crest is 4%.  The final cover system design for the landfill 
is a monolithic soil ET cap comprising the existing 12-in intermediate cover layer, a 24-in 
vegetative support layer (store and release layer), and a 12-in vegetative topsoil layer.  
Vegetative cover will consist of native and introduced grasses.  The alternative cap was designed 
to be equivalent to a Subtitle D prescriptive cover system. 

The 11/1986 permit application lists daily cover as 6-in soil and intermediate cover as 12-in. soil. 

A 1/2006 survey drawing shows the maximum elevation of the study WMU as about 1,290 ft-
msl.  It is anticipated that a 10 acre portion of the E and S sideslope to the study WMU (between 
LCS-2 and LCS-5) which is at final grade will be final capped in 2008/09. 

CQA and Other Construction Records: N/A. 
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As-Built Drawings:  N/A. 

Topographic Surveys:  6/1997 and 1/2006 (paper only).   

Cover Monitoring and Maintenance:  Requirement for inspection the “verify the integrity of the 
cover system” and maintenance are contained in the 8/2007 C/PC Plan.  Inspections shall be 
quarterly for the first three years of PCC, thereafter semi-annually for 2 years, thereafter annually 
unless additional inspections are required.  Conditions to be examined include settlement, 
cracking, erosion, burrows, other disturbances, and state of vegetation.  Mowing is required 
twice per growing season. 

Compliance Issues and Community Concerns:  4-5 minor breakouts and some recurring E&S 
issues on E and S sideslopes. 

Landfill Gas Control System 

Active Gas Control System:  The original active Phase I GCCS in the study WMU comprised 18 
wells of depth 47.5 ft – 56.5 ft installed between 10/1996 and 1/1997.  A 6/1997 document 
provides engineering calculations and plans for a GCCS expansion from 18 to 53 wells.  The 
system was expended by 13 wells of depth 55 ft – 98 ft installed between 9/2000 and 10/2000.  
The system was further expanded in 2003.  A 7/2007 layout drawing of the GCCS shows 39 gas 
wells in the study WMU. 

Gas Utilization:  A limited capacity (demonstration project) for LFG-biodiesel has operated 
intermittently. 

Passive Gas Vents:  None. 

Construction Details and As-Built Drawings:  Phase I GCCS construction documents dated 
4/1997 are available.  Construction documents dated 12/2000 are available for the 13-well 
expansion.  Four construction record drawings dated 9/2003 titled “LFG System Expansion” are 
also available. 

Landfill Gas Data:  The 2006 Title V report indicates total flow in the range of 1,100 – 2,000 
scfm for a flare rated to 2,500 scfm. 

Landfill Gas Data (E = Electronic, P = Paper) 

ITEM Flow Composition Notes 

Wellheads Y Y 
Monthly records (E), mostly complete, 1/2007 through 

1/2008 
Flare Y Y Monthly records (P), Title V report 2006 

Surface Scans  Methane only Quarterly monitoring reports (P), 1997 through 2005 
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Compliance Issues and Community Concerns:  The site has been issued two NOV for LFG-
related issues.  The first was because the initial performance test for the flare was not submitted 
on time; the second, in 2002, occurred after a lightning strike on the flare fused controls which 
took 2½ months to repair.  No odor complaints have been received. 

Groundwater Monitoring System 

Layout:    The current GWMS at the landfill comprises seven wells, all screened in the SSU.  
However, MW-207R will be decommissioned as part of the lateral expansion and a new well 
located N of the current well location. 

Monitoring Program and Groundwater Data:  The current GWMP is described in the 8/2007 
expansion permit application.  Monitoring is currently required semi-annually.  The wells of 
relevance to the study WMU are listed in the table below (all data electronic). 

ITEM 
Monitoring 

Events 
Start, End 

Dates 
Total No. 
Analytes 

Chloride Na K 

Upgradient, proximal 
MW-12R 

0      

Upgradient, proximal 
MW-22R 

42 
10/1991, 
8/2006 

98 Y Y Y 

Down/cross gradient, 
proximal 
MW-27 

28 
10/1995, 
8/2006 

94 Y Y Y 

Downgradient, proximal 
MW-25R 

 
10/1991, 
8/2006 

 Y Y Y 

Downgradient, proximal 
MW-28* 

 
10/1995, 
8/2006 

    

Downgradient, proximal 
MW-29 

 
10/1995, 
8/2006 

94 Y Y Y 

Downgradient, proximal 
MW-207R 

14 
3/2002, 
8/2006 

    

* Located directly downgradient of the leachate storage tank/pond. 

Construction Details:  Boring logs and well construction details are available. 

Compliance Issues and Community Concerns:  Some joint wells have had groundwater 
exceedences, mostly attributed to the adjacent RCRA landfill.  Exceedences for nitrates in MW-
25R are attributed to fertilizer in SWM runoff.  An increase in background chloride 
concentrations is attributed to a leak from a brine pipeline (associated with deep-well oil derricks 
around the site vicinity) running along the S and E property boundary. 
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Surface Water Monitoring System 

Locations:  Only a 100-yr storm would generate a discharge event from a sedimentation basin 
located to the SE of the study WMU.  There have not been any discharges to date. 

Monitoring Program:  The post-closure SWMP is described in the 8/2007 expansion permit 
application.  Surface water discharges will be monitored under a State PDES Multi-Sector 
General Permit.  It is anticipated that this will generally be aimed at assuring control of 
sediments in water discharged.  Visual monitoring will be conducted quarterly.  Laboratory 
analysis of SW samples will be conducted annually. 

Surface Water Data:  None seen. 

Compliance Issues and Community Concerns:  In the mid-1980’s the river overflowed, flooding 
the site to the toe of the landfill, before withdrawing. 

Methane Migration Monitoring System 

Layout:  The MMM network currently includes eight gas probes, GP-01 through GP-07 
(installed in 10/1994) and GP-08R (installed in 2003), located along the property line at 500-
1000 ft spacing, depending on location. 

Monitoring Plan and Data:  The MMMP was most recently updated in 8/2008 lateral expansion 
permit. 

Methane Migration Monitoring Data (E = Electronic, P = Paper) 

ITEM Start, End Frequency Notes 
Perm. Probes, 

GP-01 – GP-07, 
GP-08R 

 Quarterly 
Only methane (as % LEL) 

is monitored 

 

Compliance Issues and Community Concerns:  Some gas migration issues have occurred, twice 
in the last seven years.  They have always responded to wellfield rebalancing. 
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FIGURE C-1 
Site C Physiographical Setting 




